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She Walden ^ v e r s io n  i s  th e  only  phenomenon 
connected w ith  o p tic a lly ' a c tiv e  compounds fo r  which a - 
p o ss ib le  exp lanation  i s  n o t forthcoming on the ''.theories 
o f  P a s te u r , vsatft H o ff ; and • &© Bel# - .
Sine© s ig n  o f  -mta to n y  power end change o f  
c o n f ig u ra t io n  do n o t n e c e s s a r i ly  go i i ^ i n in  hand $ b e fo re  
i t  can  be d ec id ed  w hether o r  n o t a  Walden in v e rs io n  h a s  
o c c u rre d  i t  i s  n e c e ss a ry  to  • d e te rm in e  w h e th e r th e  
d e r iv a tiv e ;  and th e  p a re n t compound--; p o sse ss  o p p o s ite  
c o n f ig u ra t io n s  o r  no t*  fh e  em ses-/w hich  b r in g  shou t 
sudh a  change • i n  c o n f ig u ra t io n  have a lso  to  bo d e tec ted *  . '
I n  th e  p re s e n t  m vk, a f t e r  th e  r e s o lu t io n  by 
a  new method o f  ^ - p h e n y l  ^ h y d ro x y p ro p lo n ic  a c id ,  t h e  /•' 
p r e p a ra t io n  o f  th e  n - to lu m o s u lp h in a te  o f  t t s i o t b y l  > / ■• 
e s t e r  i s  d e sc rib ed *  From a  c o n s id e ra t io n  o f. th e  ■ r e a c t io n s  
o f  b o th  t h i s  e s t e r  end th e  co rre sp o n d in g  p - to lu e n e -  '
sulphosiatef i t " is'. shown th a t the  dextro-rotatory obloro- '
(o r bmm**) e s te r  has the- same configuration as the . 
dertno^xotatory. hydroxy-wester^ Further the jw tolnene- 
sulphini© md the j-taluenesuXpbonio este rs  are shorn to 
undergo d e fin ite  inversion react ions, which, probably . 
have a .re la tiv e ly  simple mechmism#. •
> In the l ig h t o f • the conclusions drasm from the : 
study of the • r e  act ions ,©f th e  jj-toluene sulphiaat $ the 
.replacement' by halogen o f  the hydroxyl group o f the , 
hydroxy-ester'by means'-of thionyl- chloride ]md ..the;,.-v . 
h a lides o f ' phosphorus, - both-in' the presence end in  the 
absence of te rtia ry '•bases»l ia s ' te ©  exemined# ■•From a.. 
consideration o f the experimental re su lts  the ■ conclusions 
afe ‘drawn th a t 'th e  halides o f phosphorus always reset-,.- 
with inversion' o f configuration! :th a t th iony l -chloride 
reac ts  normally '..'in the absence o f te r t ia r y  bases, but 
with' inversion o f ’ configuration in. the presence• of bases* 
A n 'in te rp re ta tion  of 'these re su lts  on'the. basic© f the  
eleotxonie3heo.iy of valency i s  given*
She various re la tionsh ips established In these 
investigations are given "in the following scheme
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1 ■•'■■ - .Tim B otatioa'iascd  throughout t h is  t ia e s is  fo r
ilta  t i t l e  h im  o f  eenpoim&a • l e  .-««:. f&Uoorer s«* ■ 
cW o r  -Jt*;de2S!»tes tM  c t n f t p x a t i o i i  o f  th e  eosponaiI# 
w h ils t  ■■■.{+)» o r  (~ }~  den otes it®  a c t u a l ' s i p i  o f 'ro ta tion #  
- f o r  t!xo o:iro o t  :m m m io n m  e t h j l  jSrW^Sir
i s : r e f e r r e d  to  a s  • ■: 
t l o  j | ^ + ) ~ 8 a l ^ t a & t o  m d / e ^ r l  t e e s o s u l i t o a o ^  _
^ ■ ^ i£ s ^ lp y o p l0 2 ia t@ ' ls ; y © fc x a r e d , - to  oa  - th e " d * * g s « l ;h to j* O t  ■
mAt the be ;imimg o f the nineteenth eeaitrrj ebenlsis to l  
b e ^ n  to use e tc e te r a !  form&ao fo r tbo representation 
o f core otrzdce such £or:ml&®* e te e o 'tb ^  were o f ' nooes&ity 
trrain on pr*xr**f roprcwe *ted »X®0mX®® as possessia^ a 
two^d&nc&ui^n X clraeit^o* At f i r s t  i t  * did so t sees to  
lie: realised that noXeealoo rrj&t fjosooss® a thr©®** 
d i m e n s i o n : !  s t r e s t x x o  a n d  t h a t  r o r  x l a ®  i m s t  b e  c a p a b l e -  
of doaonetratin j this fact#' \ ' ’ " ■ ’
'flio  f i r z t  Xlsro of eh o a is tr/ ixmtviziz problo:o 
o f  .c c s a t i ' l  eh sr ro to r * c* viapel im i  tlie er^ctsllo,prarhio 
Xsrrcoti; of Iloly* v.-o uUo.vol tha t the groat /
n *oxltj o f  imbalances tho o o f re u s in g
dofinXfco and. predetermined e r js ta l l i s a  forea* ' . '
from this eizvX© b e g i n n i n g  there liras developed 
t h a t  b r a n c h  o f  e h c r l e t r s ' t  d e v o t e d  t o  t h e  e t n l ?  o f  t h e  
s p a tia l £;rrrn':orsat o f ctonu md i t s  roimXicmt effects!? 
which is  to rao i storso-cf sen try *
f&a- obuersrati o f  h Cf c o h i r i s l  t j  
f o i l  von  tffrrm.?» o , * . v » »  ia : ) 8 f  s a #  j o )  u bo  e l  
th a t ;t!wa sh e ll find i  j  a r t t tn ij t ic a l  r c l  lion eion® w ill 
* o  t  b e  r a f f i c i o n t  t o  e x p la in  t h e  m i i r a z l  m otion o f  s t e m s ?  
f v/o v,livXl bo. o b l i p l  to  a  r i r o  a \ i s  t r i o  1
come; tie  a  ol i 'n l  r  a hi t I t#  arrcn in  six  three*- ;"
& im m t® m  o f  s o l id  ©sten3£ent, t. end fu r th er  th a t fo u r  •■ • 
etono cosh u n ited  to  .a : f i f t h  atom w i l l  be is. * s ta b le ' ■
eauilibrim m  i f  th e  four- p artic le©  are s itu a te d  at t h e /; •■ 
jr. J im  o f  the four e b i l a t e r a l  triangle?© eoaiocdng a  
TcvX&& tefcr h > ’>4 *♦ 4  ■ ■■■-* -  ■
I t  m tf t# w /c r f 'm t i l  I8S§- — dS i » t  a  v
hi;; . hgasee %ra zz io 'tj 3cr^,elius"-~ i -suggested th  t  aioias 
1 sa y  a rr .n je  thaMcXvee in  r^rim a ' position® :wit& respect- 
to  os© m other ’* * a li^foihesio vhiclx was’ tXm&t 
V  ? i I v l j  con?i/mcd by tno d isecp vry  by £ey~Xusaa© th a t  
raoemie cmd te x te r ie  &eid© are eh$:iic^lly -identic  I t  flia 
difference® in  the rhysie-:X properties o f those * 3 ^ida 
001111? therefore'?: o s iy ' bo explained by a iif fc re a se  I s  
t h e  s p a t i f i ' e s T o n ^ e r ^ t  o f  t h e  a to m s : c o ^  O ils *  th ©  - 
m le e u l© # ;' ■■:■■■:■'.■. ■ ■ ■•■; ■. . •■'. a/U;- ; -
2lL:t I n s r c a a ln ih t to i i t io i i  was M liicl f a i l '  to" '’ ". 
the .harsmoncm. o f  Isom er:Iiio a 1" th e  w ^ r l  nature o f  , 
atomio tm ioii i s  c x>»n by th e d isc u ss io n  o f  Xmr^mP®  
la a w  1 t!i os,/ Vy "s:X lns In h is  #242^Z Z 3  
f  ^ "* i s  mhieii th e  'fora g iv e #  to  t f i i t r i t e l  atoma ■
we®' compared w ith  th e  eay at fXXine shape o f  th e ir  
eoa/oiaiwS*
: ■ : thM d ia o o v e r ie s  o f  P a s te u r*  1b i$4'3? shawoi th e
a e e t a s l t y  f o r  In c lu d in g  mXecmlar con ?i ju ra tion  in  the '
€of noXcsrhlar .fftrnotu?©* He soao osrXior
er;« Tirrria .of Mliectorlicli end it ia P r e s e t  s^e on t ho 
tart ric nexie* sai/HatlooX :llisit tto erprfesCis ©sM&iied ' 
t o r i t o i r i r a , .  wto£o&© r  3 ^st© ;&eX& m i  i t s  -saXta d id  n o t  - 
t x l i I M i  ^ t l i la -  p t o r o r n e m *  v - 1 • 1
. f lio torTaelroX:M m m $  i*t* tho^a erysfci&s which 
were reX sto i to  © a#i-other a a :.£m o h ja e t  t o  it©  udteor  
in  ro ta ted  3 "X no of. i^Xsri-sto. l i g h t  i a  0  o s l i o  ; 
d i r e c t i o n © *  ;•.. . p:- h - a n  t o ' - v -  ; V: > ■'■
a ■ fill© otocerretioa reread wit!! that of H x i  T ei' 
# !:© * i n  1 * j f  l ie d  & t o m  t h a t  t & r -  < u r n t l 0 r © r ; t o u s  f o . r ^ i  • 
o f . snorts.rotctei the pirn© of i^ Xsariesfe-ios af- Xipit is
0**3 Sit© dir#V? i t  * ' .
.. . past c u r  f a r t h t r  s l i o t t i  th a t rr,ecr:le  s o i l -  
. c o n s is te d  o f  a  s i i im r t  o f  tfmcX ?^im titie©  o f  t t o  two 
ep U c-’X ly  ^ U , o  fo rn a f t!xag #5spXsimii!f it©  o p t t e e l  • 
in a o tiv it^ #  Shceo ream Its a a l - t t o  metteois t o  ©mgiofto ■ 
f o r  tto ..re© oX ution  of- t t o  cm n t i K ^ r t o o  .nore c u r r r r i s e d  
%  in  1 ' t t o  h i s  X ceia rts  on U to lc r i la r  i i ^ a i o t r f f #
a ;,A.- com plete o ^ lm a i io n  'o f . th i s ,  wor!r waa n ot a t  ■. 
once forfctoo olno* to a a i s a  c t  t  I th e r e  a n© '
d e f in i t e  co n o ejtio n  o f  .yalene^*' H e to l l  l i s t  recogn ised  
t a r t  eetoom -um hriv l e n t  end o th e r  t e r a s t i g n i o r a  
noon r e s l i c o d  t l r ' t  th e  f r c r  v a len c ie s -  m s t  ha e ^ t r l  i n  : 
Trsluev ‘ la lm l l  heal sm g^estai tw otoim sm totoX  foranl&s ■ fo r
oarfem eomsoim<lsf feat tho of tliass"sas ■
to .onatrafcal fef tfe#  ^ Hare to isalrte two ;for:io of : 
eomiotoia o f typo CEl.X.f which on tlm 
r lew  clioulo c 1 t  in  i*o ..toemrte forms*'
H  ' ’ V  I I
l i■ H •* 0 «* X ■ ■ ■'■. ■■ ? X -  0 -  1 ■■
I . . . I
• x  : ■ ■ ' ■ ■ • ■  • ■ ■ ■ | |  :
MtlOTOW C5£tls £l%2z* ^ " 3 ,  4* 39?) ‘WmtO'
11 l o t  u s  0 iv #  tSio to tr jv  c l e n t  caxVat atom t&o form o f. a  - 
totrcZielron'li&oro ®mh'o f  ‘ ttio four l'ztZz.cqb acf* combine 
with omo o 4vclcrrt of ' "■ ■ :
. ’ ' ': : |n  the ruaumm o f  ^J i$  t i  payors ay,>3 m*ol
isclepemtcmfjljf wfeioli com, lo t e ly  reroltttlo& U cd- t t e  f&e&e 
o f c h e m i s t r y  a i r / c a t  a t  t h a t ’ t i ^ §  o a o  p r ^ c r  w a n  p i b l l s h o d  
i n  U t r o e h t . f e y  y c s * t H o f f #  i m l  t h e  e t h e r  i n  f a r i t s r  f e f ; ' 
l i e  B c l «  T c c l r  t : u m r t m 9  w h i c h  w o r e  p r a o t i e  1 1 $  i l c m t i e  1 # 
m c f  f e o  r r ; T r ; r i n c - i  t l a i s # '  t h e  f o u r  r . l m c l m  o f  t h e  c *  f b o a  
a t o m  a r e  © " m o l  a r t  i l r o o t o t  i a  s p a c e  l a  a m a h  a  
t!v,;t theg malso cm-;! , n jle s 'w ith  cm® ■ another|' m&$' there* ■ 
f o r e *  t h e  ' g r o t i a s  a t t a c h e d ’ f e y -  t h e s e  v 4 m e i © s  o o s t t i ^  t h e  
f o u r  s g i o e s  of a  r a > > l a r  i e t r r l i o . i r o B f  a t  t f c e : c e n t r e  o f  
_ l o h  i s  t h e  c r i r b o n  © l o a #  ■ ' a
O n  t h i s  t h e o r y  w o  i ®  t h a t  t M - e o l o c u l o '  C % X : 
«;oiiX 1 fonaooothe fo lio   ^ ; * **ueiwe t **•
wt »#
wliletif tfcce it. a plon® of i:ynmct:r^ r# a ®  only
e&tot in  f r r  :* :
- -. S f f h i -'-Tcr# e a \ o f  ;th.o fo u r -sp ic e s  © f;tho  
e hror* oa;x:tea -m different ip^iif or^  oXessent* 
th e  r e ^ u l t ® I : c c lo ». o f ; i t e ■:typo Oshed#• m  .lr a „ cr  :
wa s^ n is ts  x a |; . le fm c tr f  f rarl de. ;i.t&er©£oro e ^ £ l l t  o f  - 
o : i c t i r i j ' i a  icvo » ^ e u t ^ £ ^ e : - i > l G  f o r c c # ^ i l c l i  m . : ; 
re la ted  to.;e: Ci o* r,o& .m 'otijcot m -1 its '.ta lrro r i t  3
la e ? o ^ o : * r o
• :. ■ f  V **;^ r %  , i f ' i t  fea: assoped th a t one-. o f  -.’tlioso 
c r r r r ^ r ^ a t s ' c o r r c c :  . a n f x  t o . . & ‘ C e r t r o ~ r o t s t . © : c  a e , a m l ^  
€ » g * :  . t h e  o n o  . i r i  ^ M c h  t h e  o * 1 * o f  t a a  j n u p n  b e d *  : . s  ; 
seen’from: tlxo 0  rton rton* i s  Xnea cinch «*ise dX^celrloa:*
t!u*n the o*4I;or •.vTent'or.cnt vdXX rcprc,cat a
r o t a t o r /  € 0 7 .i c a r d *  t e c  - i x o  d  > e  g r o u p s  x r ®  m t i « *  .-. 
eloclpd^#. in d d 't r  irrrn,:c^it*--‘ ;;, . . ' '
■;’■ Shesd theories E&vo orpl fined vrs:vj,&f tho . ■ 
discovert©© of th® 8uee©eding olsty imers in a striding
ifashionf ^  ih s j  I r rc  boon co in .rae l by
til# work @f B rs^  wlio hr# thorn# by m®m® of X^rsy 
m&lyoi©# that is th© distend crystal th© earhoa, os 0 
possess a tstri^io&rcl at rooter© ♦
P o p o  ; s f  noe/1 C it f t& L * #  J 3 U #  . h id ,  011.) t  b y  t fc a  
reoolu tioa o f 0 Zorio^onothuie re i phonic , ©i&.# bar©
f . ■'■ ' 'a < " ,  . . 0  H  ; :.'.
■ . e p  -  ■ '
■ l < .  N s i
thavjxrthaft' afignaaetsy © a i30.11 iao a : : l  in  ©oj.ovnio in  
which t t o ' 'c s a t e l : e>^m©tria c,.;Ui* * e 1 i s  tha  only 
carbon atom l a  the j^ looule* ' ~ .
■ " A,e- o' I t  o f  - o sn s lu s lo s s  ixtam  ir o n  th ese
theories  ^;yore‘.*ta o j :  t j l iV  o f o ther eX em ts lor/c . 
boots, xvrslircd* i#o* the irrrtiiv© rinomal acyorated into 
i t s  opiieelXy " ^ 3/a raiipo?esf sliooinj th a t t he vrXo&eics 
o f oleaeatSf o t te r  tlias . carbon* era ho assigned a throe-* 
dir raeiiorX eorfipar rioa o#,|t ;ulvharf ©olmtes# tin# 
silicon# loraa* rite ei na. rsoonioriis* ;
■ ; ' fire need fo r c \h \ : t  >&&* *-ho ; ?p i r t r i o
oh eras to r o f the soieoulo as * j !%  as oppoead to- th a t 
of a pcrtlcalor ■ ste% v im  ftem'iatrstod by the dlaoovoiy 
rf i^ r e f l a t i o n  o f -ouch e-r^peaiis no bao eompier *, idlXia 
t jcVj of Werner (Ber^* t§X2# phf tail ibid» 433« ©t©0»
Ca [( c;v ~  l  , c l  * • :: Co [c c p n  >J £ .e ,o 4 . 0 1 . ,
8~ * Vx* lir&n® f c r i r n  t i m  o f  l:J21s
■ M  wSiliii E^-*■ C ^ .C O .-  cal R* « i-CS%*C%S# w l i i i \
vm&imt&mms*. vj c * x?X£icmion, izi itoce  • • .. v ;
■■■-■mi 'jkt f i r ,  i to  of *» * i f  i i t  ;;
a t  efLX fo r  :4vr imviolmi, o f t to  moIVl/ , ocapoa Tisws 
0 *  i t o  noolirmlmi o f  a^iotltafiom  ^ 1  saturated s . ;  - la ..;.. 
COOplX ?Ct ' ttl® i ...mimtlmiO Of. Y£&* t  Itaff OSi to  to i  :,;... 
aiartoj lo r  ta  tiia following cxtoiuodx&si* "- f  i r s i iy  ii; .t /.,; 
smtetiiutJUm o f <ma jr ;n p  c iio c to l to ati cmymotria 
c&r&au atom aotiM so t e^esgs. t t o  roX&iivo position o f 
tlsa ; a t 43 ettacgeg, to' ttie otlm r t&roo TsXcmelesj as! 
vcmrXVj im -i ■& omsxp In ilia &i£pi o f  art.io iry  p s s r  o f  - 
a cosmvol cmdc! 1m effcotct m ilj tg/*: it;® a rm ro ton Of . 
t to  tp s m tr ic i  tsolt c l f 'S i  ti.lG cvv li  on ly>0 tapu;;lii - 
etoui I f  rasOiiiisatioii followcl % mi olv«ti:nt • ;
■■■"■■;■:■■■■■ ' f  1ms i t  * ftC>vO. wtV ttm t . m ic tio n
proimoao e o 'fallows . ■ , . ,... .
■ s v  • ' / a  •• •-• ■ . im  / b
> c r  +  € f  ** -*- . i f  c i )
m  \ &  . m  > g
‘ ' S J f t & t T t  i  l a  n o t  < & ,*  i t s  t h ; i  c r . o o  d o r o n a f c r a t e d  
b y  f f . - i ’ c a  ( B e r , ,  £ } ,  > ,>  ,  S 3 ,  w i ) ,  > o
ro.voiiona coal.! follow coarsa (II)  
a .  J aS v  > t> .
V .
+  ef ■« • ; . ' c f  ■ +  d£ (II)
f o r  c::m  Xc* f,vo;i d-oop. rfcic co ld  fco able*
c * X  o  o a  X v ~ ; c a S & *  t o  o V s . d a  c d t l r o r  £ * *  o rW Vfc,*, *, -"*• An 1
S v t o n .  o f  n i t r r c a  n o i l  o n  ^ r s p a r t t o
^ c ii cr/<3 2 r t  o f
f t^ ro s 'X tio ’ .vltH n l t r o o r l ' '  o !n lo ri!o  lie o^fc'-lnol
j^ o& lorosn eeln le  ::,<?iJ* w‘ I f i  m  k j l x ^ t f i  
'p o to s ? *  ^ o .ra  f - a c l £ 0  s o ld #  M a o  l i o  f o u r  
s o i l  w i t i *  f  * - * t  '. »2iXo £*X .4 o 3  v^ o
&el&*■ \iMc!i on &y&soly&l& 
f - n : - X io  t.QlH*
i t s  w ith  c m s t i o  
i t 2 u $  X ^ m s l io
m o e i a i o , 
i  f  l o ld o d
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A.. A v i : 4
ji
&Z.?0 rx ftvi f f  \ ...??V  A>. . -.e'f «-;j&&* «*#
j  ** 4 3  8v.iL ■• -ihW ' ■ *tr ^
finis i t  sp'posrod ■ttsnt o ra  cot&d ■o'bt 'in  ^  *,!©£& m tifo d ta  
from' .a* eom roii/stcrttei : point* t | r: -the- tise of inor^ni©  
ro d e n ts  a t ord ia r /  * ^pcraiyurcs* w itto u t:ra«eiiiiisg^i©a 
Old CR&CSOttOnt xv clarion*- • -•
- a ' I - i t  f i r s t  f a l t e r 10 . otmewaiioaa and eonclusioas 
wcTO .rocslTvd rm^- dtfbiousd^’.'tsy i l l s  'contcxxforvrte sad i t
-i1
was fear©  d e t e r  that" f e i i  f is iS x tr  ::p ^ ;p o i# l
t W  te r r a  1 <7c l  t e r  I r a e r s i c s  f ' f o r  x w s t i o n a  O i i t e t y p c r .  ■ ' 
fcy: w liicn .n- o p iic rIX y  a e t ia o  au tssn n e e  i s  b a n n e r  la  a in to  
i t s  sntipod©' -witliout r. rrai* tfion and m tse tecrt :,; 
r e s o lu t io n *  • Ire • te r^ sd  i s  fttd o  m a t  s u r p r i s in g  - ©Xcvavniioa 
i a ^ i i r  f i e l d  o f  o p i l r  Xiy c l i r e  ■ sm b stm o ss - sine© t l t e  - 
fte~  a t e  1 iirresfclaatiras o f lasterr ** , a ■/a-.aaa 
I   ^ a a  :..; a i r  ? c .  a f a l t e r  C t e t e  1 8 3 3  : * ® & )  ■ ^
fjlmwad' t l i a i  ss!Tm teen. d if fo rc m t s i e t e i l i a  ■ Isfc l^a lies a l l  "• 
tial if d if fe r . .0 -action on Jve! ilo i:  racial©  &©i&* ■ Here
r 0a t B t lr , f  ard ( i ^ 4 r  . t e ? i  -ISZt
J£ il#  H " - ! |  H o l'te  -  ( ? / - uy  % m 3 #
p ? # 420} lire© s t e e r  t t e t  te s t © sly  do th e  arc a te ; ; ;  o f  a  .' 
r o a c t io n  depend uxon t t e  re a ^ o v tc  a t e !  t u t  ©iso on t h e i r  
ear© t e r •:,t lo ; i  *:;i3 t i e  n a titrn  o f  f t ;  r a te e s t*  f t e s  - 
J 4 » te a r  cues l a i c  s a i l#  teem  h fd rp lf^ s d  By s i l v e r  o&ido* 
f i c l l c  e i t t e r  t e  a r Jf* msXin caite* tlio nr? ^ a i o a  o f  ' 
t l©  £?* l i e  a c id  e ; t e ;  £ "» r e d  By t i e  p rc sa n ee  o f  ax aess  
o f  s l i v e r  © s i t e
f  hsTQ' oavrjcs; tmm  the r  * i t s  of isIm m ' 
experiments' th a t dtxrinj repXaeenent rosetlons Of th is  
, t  jp@ -: a - p r o & ix C .  c a n a p e  re a c t t s & e  r i«  co  v i k X &  t h e  
S3©l©sul©j a elirnpo t^ro.deop^seeted t l m  la  in d ic a te  b j 
th® cin;ia%©ebealosX proeors of roaoviag a g&mpv 
XeeartLg th e  TsiXmof txted 'la tse t#  .c l jv'X *<ng i t  t>j 'a  ■' 
now 'groapt' '0 ia e e t ^wsr/crf :.©ithex- o p tia s i osa
bo oMsimei* ilia -u io stioa '^ iitg i aji to m icli roaotioii i s  .
o f - t m *  1  a n d  w :JU £ i o f  c a b a l i t m t i o i i '  f  !
a v:'.‘ • ■!fo llo w iag :'os.' 11 .^, d in rw e rit©  Of faX E i  or* r  ;'i. 
terOst* ~ t jT 3 'turubi," t i c i r .  c^fea^tloa' to' sim il ,, n. t^JLo&s
and; soon.; cc Xa%e so tm t of data tiM paM isiti#  but
flier rev o lts ' so obtained 'wore of a vcty  perple:iia§ nature «
to r  exnneXOfi-m alio 'acid (^ r id m f ' j p g r - w b c s a P a l e d
o n '%  .both thior/X' ©hlori&o end ptiO£sp!^^ua;p^t^K toyid©
g iY e s  J ^ e t f t o r o f / a c o in i d  a e l i *  ' . ; '
■■: d ' ^  H ^ - ^ c o . - H v - n . . , -  •■■ ■ - c o w -  p q .:h  ■ ■■
, i g  “ soc io  or y e t -  N p  **
/iiC  s  t;: .c ;> .:: ' — =---------- ^  : m '  \& : ,e o : a»« 4% ' . ** ++
, V &^sialie v is ' ■ ., ^clilo rocuecin io  aoM*
jeP Ic^oE sia  mPCXonji m o *  J2,#' !0l€) fonsd th a t
J-nlieajrl? ^4 1 1 "‘i l i a  mx€ gpfewit& i ’ .top/1 cl2l.orido
'o^^iaEilpi^pioaia weld9 w hilst w ith 'tWsitiOrus 
: nteWIidoTid© i t  gav©'j|-»o^-ehloro oC-^pher^lpropionic? acid*
r  j^eW A oro^/oid# ■
U p  c; AUwlly : r  c j r a  © c - t g f c a i v / ^ u  : p l -  
p ro p io n ic  . a i d s  fU U rw L e  p p . B r r r p u  jv I C » »  ’rU *  211*1910 
howovar r a r e  IBtmd ta  U U r /e  lew th e  s r e r  w 7  wildi l& io n y l 
c l a  r id e  **3 w ith  p m e f p r r ; ;  pvS Pnahloxiic#  ‘
e v  * u r ^  > s  ^ c ix ^ ; :
u *» * p e p  eogi,, o r t c i , .... - x c p
: E O p p C y i  *? 'J > P o ^ n
C ^ - S j ' t i r t s x j r / S ^ p is c a j l - .  ..........:•• l ^ A lo - - > i /3 ~ ^ > .c ,^ l> »
V'sx>;'l'jr-lc s a id * ' xa^slsmi* m lA *  "
A r i c i t  r  c1 "Ties o f  cdmmpes to  t e i s o  o h U ir a d  
w ith  p ro p io n ic  cpict m w  0 w ?  ^
JUTrmUe cn.1 Barrow tS U i  j u  a93$) with"
7 ^ - 2 g ; W a r g ^ - f - r  p i p e ?  f a r  i t  j !  # 1 .  f  U 1  i e  
jc y r r ie t r ic  o rr'son  atom i s r l n '
■ f i n e  i t  appeared  t h a t  U-oa. a  mm^'l gmn^ its 
u  „ U  i t  U p  .g a p a P i s  ir r f io n  - U r  i t  a c tp c s  tfee 
cw ltcuX s to  r e a c t  ixi a  wuicWiU c liffc rc w l maxmcr tow ards 
th io a p l  c h lo r i te * . '.  '
two effec t o f o ther groxvrsa attached to  ’the
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j c h  : i  ' i i m r  •. %~c .'l v j u *. m n4, . ■ A* m  - .■- . ■" «•**> y, y  P
■ ■ . =,  : J^jhjuyl > r o n : a a t ie  “acid#
,»V ► Y* * *) i * - V , * - ' ■ (  r t . l !  U
t  »<**V . v * ,, * S -» ^  * W  i j - ^ v  .* v v  ;*,!«*<* # v * > / ■*..« w
'*** «  %* ** ' *« . 5  * "*  - ’is» *j» « t
aiaa ester.’ ' ;' -^/i_:'iil,’3roc:.ccfeic ester,
A-c,,:i..cii(r;t )cii co.,2 Ko^r 1 i-e  •* e in r .e x c a  u
■*** W £> if*  ^  ■ *■* si*
propionic acid* ionic reid *
&-c il c  * n  }c j  c o .s f  ' iobs? i ~c i i %cjr» r*at,ca .x ;b  ;•*•■.. w v* -• :;■■ ■ p p  . .------- “> *** « «i „ . &.
*4 lC B V l~  j^ 3 M > ro s  o, 3 - p h e n y l~
O O tu r#  ^ U j j l r n l a  C V har#  :S
( J i s a h o r  . e n d  . S c h e m e r ,  ^ _ n ?  J d  U ,  * _ t  * * ;  #  ;■' -■
■ ■, ; ...dr P ro s  th e  .^ a isp le a  g lra i-u b o ^ e  i t 'w i l l  ha m m
th a tJ i l io r e  i s  no t r i n i t y  e * *ioa .If  whioli th e  mvtxm 
o f  u u t m t u t x  * i r o a s t  io n  w H  I d o : prophesied*- ' l a  th e  
'a t tM t i tu t ia n  :a f  1 Xoj n  I f  haV 'cr j l #  o r  th e  s u H t i tu t io s t  
o f  tM - s i m  g r  up 1 /  w i t t e r  h j  r o : i l " o r  li 
5 i f f o  r e s t  r  shgoht a ' would p r o  d a d o  o  a t io  a i  ■ s a t I p o  d Os- from  . 
a CQmmn s t k r t l n g  p o in t  v f l a t  f r e e  ;x i s s  w a il i h e l r  r a t e r s  
wculd ‘bslitwe d i f f e r e n t l y  ..to v r d s  th e  ease r e s p c u t f  p - :■
' ' f i l e  C f o w p l o w  d a a r u e t e r  o f  t h i s  p r o h l ” i s  w e l l  
i l l u s t r a t e d  ! p f  t l i o  f a c t  t& o t 'u p  t o  i P P D . w i o  i  a ^ r  . i l i s n  :- 
t a a r r t a w f i r o  - f c a a ^ r i o s .  h a d  h o e x i  i h r t : n e o d  t o  a o c o * a n t  f o s r  t h e  
f a l c l s s i  i a a c w .  I n *  f h o s o  a h n a i c r  w a r o  f o r  t h a  x t
■ o w l f -  h p p l i o c h l e a t o '  a  r a r p  H a l t e d  r a i g o . b f  r e s a t h m a  a n d  
p a a . a r J . l l j - ;  a a a i a a n  e i t h e r  t h e  a a i a t a r i e ©  o f  r e s i d u a l - T a l o n o l e s  
o r  a l s e  t h e  f o r i r a v t l m  o f  v m . d . h X a ,  i u t a r a o d i a t o  - e o ^  j i m d s #
I t  i s ,  tswe^e'r, noteworthy that s w e r s l  o f  th o se
th e o r ie s  iv d e l  tha t' inversion  e a m llo n ly  take place 
vlizn th e  t x 'c d i : ^  group' m s  t$ tr& b t$ d ’’tcr th e  o p p o s ite  - 
s i t s  o f th e  talesyX© to  th a t  occupied ha the  yiamp to  hs^
re e v e d *  - a ' , ; . a  ■ V O / . / ,  .; •;, V, ; - .  ;, o v  ,. : .e, . -e a;
Tor te — v l d  OrOarer ( £ l i i *  C jS ^ lf / m 0 * S i t  '■■' 
10041 I 9 1f 5 ta ilf) amt fora^O . t!i© c u t e s t  ion  th a t  
wlim ehlorlsw  I r e p l i e d  ly  !vd*\ixyX'V t lu o u d  the - jae f 
Of 's t iv e r  oxide,- the  s i l v e r  ion 'becomes a t t i^ k e i  'to th e ' 
c h lo r in e  befo re  the l a t t e r  1^ -/w the aa i'saa trlo d a rO aa  
atoMf * tlx at waaa’i t  la  v* the o * ^ e ^roa »
. % *ng o v e r -a s  d e p ic te d  in-' th e : fo llo w in g  eohome* '
ft-esici ! + Al? -* — p ::-:Ca> -+- AgOX
, 'v e  /  - ; ■ No
' ' X®*
' 0H~ ©  H0 ~ o d  +  Bif+V \ e
T his la  r e a l ly ' sa e lab o ra tio n  o f th e  e a r l ie r  
views' o f f  iseh o r sa l fv m e ry  m V t o  ease © dost d l l s  ■. ■ 
‘I n to ’lin o -’^ ith . *4 ia© alto  o f  ao-drra ro s re rO v  sine© 
OiVeaer makes 10 , o^eerxenee o f 'inversion  -dependeat on- 
the" ea t ay lag' ■ ©yem p ’ b e X&'g pro sen t e f m  t  he h a gimi tag  # as 
tea e n iy a *  '•■■■■■■ ■. a ...: ■. : -
■ '■ ■■■".' ;i He elisa su^geeted- that; th e  o ld  ideas* on - 
sm hstitu tto ix  were m a e tia fe e ts ir f  -since a ca rton  atom* 
w ith  ©Ely th ree 'g ro u p s  a ttached  to  i t ,  ^ o u ld .l  i ’lately*
16
X to  ..th e  p ro L iie tio a  o f . ' a  e p x n  :rie sX  cyste®* * h 3 r« h a . • 
sm ch  s u b s t i tu t i o n  T Q m ti^x i&  .u m ^ ^ L y  g i v e  e p t i c o l i y  '
w /  ■, '*5 f 1 . •'H 'I ’ ni«S <rf V *> « Vr V!ta' f
s : B i l l  ax. CA sn«v i9 i2 «  3 . ^ * 666# ...from a  etmclj o f  
t h e . l a y t a f l ^ i s  o f  p ro p io n ic  aeifi* ly  c iX ro r oslfi©-
coal w ater*  r s o .c b io  to  andaoa a £ limstri-oaXXy op;vocX 
fapsetbssift*  H o -o v e jts 'le d  t h a t  th e  s i l v e r  k&tjUm* by 
r#teovHu^ * **• brom ine atom , ol/.ycX tHe "u>rt i r p e r i . n t  p a r t  
l a  V „ x, ^ a§,.X. , tig  & ;© e U i;c X y . ok.rgtX  complex ■. 
w h io h  w o u ld  o o i fs la o  w i t h  t h e  h y d r o x y l  i o m  f r o m  th e  w a te r |  
g i v i n g  a  d i r o o t  rep lacem en t ■ . . ’ ■•
. vCV
' I *  ■-■■ ' s ' ‘ | 41 ■■:'
| + : A|p ■-■ ;——^ ; Oil "f" - AQ^T
oo:
r* r f  ' r* tf
. . . .
. e s + + o n " — » on con)
& z  '' CKK,
l a  z M i :  *   ^ * H o  e a r n ©  t o  t h e  c o n c l u s i o n  V f  t h -3 a c t i o n  
p h o s p h o r a o  , p o n t - ^ 6 i l o r i d e »  o r  * v  c s i d e / c m  a  h ^ r o ^ * *  ■ 
c y r  c u r d  L r e o l r o d  a  c o n f i g u r a t i o n a l  d i a v #  •
. B o t h  o f  . t h e s e  a u t h o r s  d r o v e  a t t e n t i o n  t o  t h e  
I m o r V o i f  p o r t  t h a t  i o n i s a t i o n ‘p l a y  o d  i a  o u c h  r e a c t i o n s *  
s i n c e  i n  m a n y  e a v e s  s t r o n g  a n d  X  e l e c t r o l y t e s  h a d
©  p p o  c i t e  a f f e c t  c *  ■-. \
' KeXeccnatiner (A,nn»> -1926 , n v , deC}*, from a
■17
.study o f  eu b a tlfe tio x i in  o f  th e tjp& o f  methane
or.asrtm n  i 3toeo:iferine* e ^ 3  to  l i e  coneluaion  i 2xst 
v/!i©n iu ie r w c d l-to  co i> ere ..fo^x*d com bination &®e@
n o t occur a t ** o  ^ ‘‘on ate a  but a t  the group to .b o  
;roplacod#-:- f o r  e&aBple# t o  tlxo rciX 'cem cnt o f  ty*ro c t  by- 
c h lo r in e ,, t o  methane to  g to e  m ethyl o h lo r id o .,. . .
: | ^ c - < j i : « } ;  . - a ■ txr>
m  addition.•©om/^'onX {I I ) . la  formed- he'm©cu the chXorl&o 
atom 1 ' outjpfe^ hpCropmi#fain Artemi th e ; bond
t i Q t m m i  U i  m *  t h e  e & r b o u  a t o m #  t h o  o t h e r  t & r e ©
'  th e re fo r©  ulL fxtX y d is p la c e d  tow ards % *  - ■ A t ih e /s o s o  
tim e by th e  wadramfei o f  t i l l s  bond* the - -  mia atom lias 
aerratm ! a p o s it iv e  c h ^ r p  end ir< f> lo  to  a t t r  At  a
n e g a t i v e  c h l o r i n e  a t o m  c m )
H3 ll> ' ,i! j ■,
e i ^ - - - a m - a T-----ci,: c i - —a — c A e  a — 91—; C1
. x " ,  ~ ( i n ?  : \ %  ( iv )
0m ta a  ..sX iraiaatien o f  IpPm pm i ch lo rid e *  w© 
f i r !  t h c t  th e  d e r iv a t iv e  h as  tlaa o o s f l  * r  i t  io n  shown t o  (X?) 
I t  laas th e re fo r©  been formed, w ith  fev era iem  o f  
i n u ' t  a  v 4 lam: j i f  to^x>wsf ' I I )  lie! decomposed
a t  orneo f lis  ch o ree  would havs ts!sen  p i © w ith o u t 
f e v e r s  io n  <o£ i x v ' l r  n a t io n #  • I t  w i l l  he a t  o n c e . ap p a re n t 
th a t*  smoli a  u x f .v titu tio m  K r in g  t : i :o n  ploo©t th e  . 
t e t r a h e d r a l  arrangem ent w i l l  become d is to r te d *  m  th e .
four group atteohed' to the oarboa atom &r© no lo n g e r  
ide&tio&X (X)*'
: , I p ,  t o  ■■the p r e a e & t  M e ls a & h e im e r  t o o  n o t t o o a  ■ '
©hie a c c u r a te ly ;: *tr> • prod l o t  Under what c e ad itio aa i m eh- • -:
ctomgo© will' occur# p'v’
. ; Itowio {1933) suggested "dual taut© soomod to ho
only <m@ m y . to toicto t to  Walden inversion oould I t  
explained# aosiwly ly tto assumption toto the ©toortof 
pomp Ivvo^ig p iam tto ily  ubtotool to tto eitoo^a utem ■ 
nour t i  too faoo of tho totrdipxom to*ioh is  opposite - 
to the ©u3 pixy aonx A to if t  of the carbon ■'
nucleus w<*XX toon pive rtou **> ,& as* -tai?&hedro&9 when 
the otogotog group was attached* .
* • •» •« / l i m i t s  I s i c g i A *  £ 0 : 0 .  - U l * i
a l l L - m » W S 5 )  a d v a n c e d  t h e  ih o o x y  i k t o  t h e  o to to m  ; 
atom ionmmm  two stE&X© OQtoitotofeitos* 0&© the 
t r t r e & e f t r a l1;?*:, $• to t o t o I t  i»  to to d  as  & n e u t r a l  . . 
a t o m ;  t o o  a t  l o r  t o o '  o o ^ p l a n a r ’ f o » .  t o  t o i a k  i t  o c c u r s  a ©  
a to t ion* or ptotovuiy ©torgto radicle# ,
■ , m ldw u '-inversion  a  „ to  to  l im i te d
to ' an ©xehuago o f  axioms# 1 1 'imams nooooom y to  t o t o t  ■'■' 
th e , existence * mmoai arily  * of a - toato ion*' 0 * tod#
Cans@tooa.tIy aub& titto ton w ithout in v er s io n  occurs whom
the catering group# 1* m i.i to  Om/ ax g  1 >mp* X# ara 
attached to the asms ©id© of the plan® C*k&&; while
‘terexBlosx of c rn \l:p:r, tl 'm  w ill oee&r i f  J
hemmB  PAf aiiliod to ifio opposite slclt of fio ;!• r@ to 
the  tP© o’k,a iiia n  o f an
f  ‘. :> . l a 8 i;i u i ic l i  lo t l i  X a s f  T s r a  p ra s o a t 
■apposite :sMe® of tit© la io  0*oM* " ;aa-ia
;:■... - ■ ■ Y ■
jJ*fc^WVWJ* ^  < '•i "•■ '•■' •’>•?*'*.J A i 4 ,^v*‘ fS
fp.3 / g ^ a l b l l i t p  o f  ilw  i-siatcm aa o f  C^f>5 i a  co-~pl&&&r
f o r m  ! i a a  r e v i v a l  :  * i m a f P : m ' f r o m  f Y o  i i e e o T o r f  "
o f  B r & g g  y , 9 i . i ) f  h j  t l v & t  i a  ' e a l o i i s '  f t i e
e o  a -  - , )  i a  l i a s  a  p l s i a r  c a m i i g i a a s i i o m ^ . ,
• „. ' 4* >5 • 
q—cc  ~ 
x o
c a t  0 1 ^ 1 1  e x X j  ( i f f 3 )  i ' l . t  i a  b a s d e  b a ^ l l i s m  a e c i o i t  t h *  
a ^ e t a t o  i o n  l i a s  a  p l s a a r  c o n f i i p m ^ i o m *
J l o l m b o r p  I f f }  i n S r o a u o o l  t h #  ■
i..«?a of re.ai,L,s; f la t  aso to : explaia ilio oeaaxreaes o f a 
Ih lle a  invars la s * Tor the"action o f a aiibataaoci B£ 021 a
1 *vXf XX4.C O u w*lv; 1 <vf 0a S j  . -j -0 vv *•<*•.*- «/ <•
a ils ti ta iic m  are possibles, 'aoeorfisf to whether t lo  
s i a l a e e  7O— I  ia 'p re w a r  or le s s  ilixi trie disiawao 1 —^ #
f  lien ilia d ie t  moo ‘yO" A. XB l e s s  tlc s i ilisiwaoo B—s 
then, the  is ,a v io n  silVproacKsl w ith ' irr/cx*sio& of 
e o a f i jx r s t ie ih  l e t  i f  the  disiesios 7 0 - 1  h  ^ s o r te r  t t a a  
tlio d is tm o t  B—i  r c b c t i t r r i x i  w it& rai la se rs !» n  o f
C/OiSaifS^rsi.iiiiii *» ~ _ e
■ ... f  i ' ,.; V f  - CL- ,. ■:., ,1 - .-.
t>—C-+X' ' — * s 0-^*-X ' ’ * ■ - y— CS-a +  S .
/ I  ; r  ^.;.v. . . . . . .  1 .a ;  / a  J
: * ' 1t
.3 • a - —- a
fX"i! i .: .\r  ,.x,.
ti
1 : l I
'o—c — •-;. — 3 d —e — —-z ' — a 1j—C -Y  +
I : l \  i 1
ft \  . ■ d ,
• ‘ *»
\ ;
S - 3
 1 -  f  f t '  ^  -"**-*> f
jJ XJ1- ^  .,uws«*» $
While pxes sat h i r. in te re s t Mc|  fsstarco^ e« p ft!ia f the
e n te r in g  group m is t ..“be :p reo en t on th e  o p p o s ite  o f  th e ... 
isoXecule to  th e  o u tg o in g  group* b e fo re  th e  l e t t e r  i a  
d o t ached , t o r  in v e rs io n  to  ODcror* . t h i s  hypo th e s i s ,  has*. : r 
n o t  been  g e n e ra l ly  aooeptod b e c a u s e  i t  cm m at ibo,.UD0d to 
p r e d ic t  'th e  ©ours© o f  re& o iio x u ; I f  . the- p h rase  m .
♦ relative. reaction. distance ,! •> used in. this hypothesis be 
c meted with tho expression f dirootlorn of the d ip o le :..
within the BDleoiil© hme.mee. that .this .theoi  ^'i s ytiie - 
forerunner of the met reaent .adTsnoee in the study of 
the mofhriiun of substitution reactions,
./ 1... ...pin ilie limit of m r  si Vm PC ms. so. far put .; g 
forward w© .are not able'to sop whmfmr the changes of :.vg. 
-Configuration are duo to the molecule; as a uholc taming 
inside out or. whether* ..after the separation of .the. group 
to be ..displaced> one of the .remaining-group© change©, its 
v U c n e y  bond* . .. : : mm a m
f  ■■ i i
C—'o — > C—b — p . C—a
a
o r  0 — ~ b  . ■ . ~ — 5  C ~ m i
/  V  /  \. . . . . . .  a  ... ■ 1 ,■ ■,... o. . . .
f h e s e  c h a n g e s  m y  o c c u r  m n x a l l y  w e l l  i n  b o t h  . 
a s y m o t r i e  a n d  . s y m m e t r i c  i s o l e c u l e s ?  but* s i n e ©  t h e y  ©an 
o n l y  h e  d e t e c t e d  b y  t h e  © h a n g ©  o f  s i g n ,  o f  ■ r o t a t o r / p o w e r
o f  th e  p roduct*  th ey ; can on ly  b e : s tu d ie d  in  th e  case o f  
a s y m e tr io  in o iecu les i
"One would speak w ith  c e r t a in ty  as to  w hether o r  
n o t six in v e rs io n  o f  c o n f ig u ra t io n  had o cc u rred .- in 'an y  
g iven .’ r e a c t io n  i f  i t  fo llo w ed  ax io m a tica lly , t h a t  change ? 
o f  s ig n  o f  r o ta to r y  power in d ic a te d  also" a change -in ■ 
c o n fig u ra tio n ,-  b u t. t h i s ,  i s  no t so , I t  i s  n o t c o r r e c t  * 
th e re fo re *  to  say th a t  in . such a  s e r i e s  o f  changes, as  
th o s e  f i r s t  d isc o v e red  by Walden-,
‘ 01.  00oE ' h . . HQ. JCOoH "
PCI, . b e g  4 A",0 h c h
HO ^CILCOEI  W i l ^  ^Ctt^CO^H ^ C E j COjjH
1 -m a lie  a c id ' . d - a h lo r a -  d -m allc  ac id*
~T- s u c c in ic -a c id
b ecau se  ;th e  c h lo r id e  o b ta in e d  i s  d e x t ro - ro ta to r y  w hereas 
th e  a lco h o l employed was laev o —r o ta to r y ,  th e  in v e rs io n  
m ast have o c c u rre d  d u rin g  th e  f i r s t  s ta g e  o f  th e  re a c tio n *
"  lira s  la e v o - ro t 'a to ry  amyl alcoho l*  in  which th e  
hyd roxy l group i s  n o t a t ta c h e d  to  th e  asym m etric 'ca rb o n  ;; 
atom* i s  co n v e rted  by a c e t ic  anhydride  in to  a eLextro-* 
r o ta to r y  a c e ta t e .  She fo u r  bonds o f  th e  asym m etric 
carbon  atom a re  n o t d is tu rb e d  d a r in g  t h i s  change and, ■ 
th e r e f o r e ,  we must assume th a t  th e  la e v o ~ ro ta to ry  -a lc o h o l 
and th e  d e x t ro - ro ta to r y  'a c e ta te  have th e  same 
c o n f ig u ra tio n *
S im ila r ly  P ic k a rd  and Kenyon ( J»0 »S.», 1914*105 *830)
hftre ;Bhom that- acetate Is  clentro^roi stor j  In
the ho- -toseasons stcite b u t. 1 mm*^rote to rj. in  earbou ,. 
d l s ’o l p h l l e . s o l u t i o n *  ,
■:•; ¥. A g a i n  ¥ s I d e a  ( I n : o t t r O  I n v e s t I g a i e d  t h e  
r o t a t o r y ,  p o w e r s  o f - j - s n s X i e  a c i d .  i n  . a  r a r i e t j  o f .  
w h e n ,lie . o b i ainsd t h e  f o l l o w i n g  i n t e r e s t i n g  re s u lts ♦ . .
■•■; ■ , canna . /fa , ■■ - , .
■ aaHotntorw pa of l^ ia l io  Acid* ...
. tr
M j )
l a  -asnecms 's o lu t io n  at IS^C , , *2 .0°
-,.W: f o r a lo  ; a c id  n a a.» : # ..*4*§*
: «' ■■ " .,* ... - » ,0®C ....'.-. +1
w acetone . , - ,tt , • ■18*0,; . a
: w • benzyl..a lc o h o l t.ai^ i1 ,. 44 ^°.
■ ■ a ; . .a .f i l ls , c l t e r  a t Ion i s  th e  sign  o f .ro ta to ry  power 
w ith  chests a o f  solTcnt * . cannot be a t t r i '  i  to  in re ro lo n  
o f . c o n fig u ra tio n , since more•..so lu tio n  in  a s o lrc a t ' cannot 
Involve any;- se rio u s  d leirihc.aee o f the  hones o f the  . 
ee jsm etrio  carbon .. a
' : fho  d i f f i c u l t i e s *  ..which h a re  to  be or or come b e fo re  
’ m . s te n io b e  e x p la n a tio n  o f  th e  f a ld e n  in v e rs io n  can be 
g iven*  a re  r e a l l y  o f  a tmfoM  n a tu re *  . f h e r e l i s #. f i r s t l y  § 
th e  d e te rm in a tio n  by soma method o f  th e  r e l a t i v e  
c o n f ig u ra t io n s  o f  th e  hydrory~compoUnd end i t s ;  lialogon- :
9 4
'•d e r iv a tiv e s  j and , seco n d ly , '" th e • ex p lan a tio n - o f  th e se  
C*-*Xi WX «^rjL Hi-h3 ' 0 ii th e  v a len cy  o f  U 2j-0 ' e l  ement s cone erned  *
U n ti l ,  th e , . r i s e  o f  th e  e le c t r o n ic  th e o ry  o f  
va lency#  i t  may he  s a id  t h a t  o n ly  a p a r t i a l  answer could  
be giTon, to,,,;.the .second o f  th e s e  d i f f i c u l t i e s * '  ’ fh e  o ld e r  
th e o r ie s  o f  v a le n c y , a l l  o f  which' r e l i e d  on some vague 
assum ptions as to  r e s id u a l  v a le n c ie s#  gave no c le a r  
in d ic a t io n  a s  to  how and why th e s e  changes took, p lace*
. ' She in v e s t ig a t io n s  d e sc r ib e d  in  t h i s  t h e s i s  
were u n d e rta k en  p r im a r ily  to  f in d ,  i f  p o s s ib le ,  a  s e r i e s  
o f  r e a c t io n s  by which th e  r e l a t i v e  c o n f ig u ra tio n s  o f  a  
hydrory-com ppund and i t  s c h lo x o ~ d e riv a tiv e  could  be 
d e f i n i t e l y  f i r e d  ana th e n  to  e x p la in  th e s e  r e a c t io n s  in  
te rm s o f  th e  e le c t r o n ic  th e o ry  o f  v a len cy  * S ince th e  
compound co n cern ed , .&~/Maydrosy ^ -p h e n y l  prop d o n ate , 
c o n ta in s  a  phenyl -group a tta c h e d  to  th e  asym m etric carbon  > 
atom , th e  stu d y  o f  th e s e  r e a c t io n s ,  s e rv e s  a lso  .to  
d e term in e  th e  in f lu e n c e  o f  th e  phenyl group on th e  co u rse  
o f  s u b s t i tu t i o n  re a c tio n s*
52-0
SBgfX01 0 .  ■
t i~ 'Z .  • • •
P h i l l i p s  ( J * 0 ^ » .» 1565, i v?t p rep ared
p ^ io la e a e c u l palm ate from  d -j^ o e tsm o l by - th e  ' a c tio n  o f  
p ^ to lu m o s t& rh in y l chloride.*  i a  th e  p resen ce  o f  dry 
p y r ia ia o t  end a l s o : i&. th e  p resen ce  o f  e th e r  tind ■ fa se d  \ 
p o ta ss iu m  o a r b o a e to i .m ethods which would n o t i a r o l a a . t h e  
d istu rb e& o e o f  th e  four, Bonds a t ta c h e d , to  th e  .assym etric  
earhcm cv3u? s in c e  o n ly  th e  hydro gea atom o f  th e  a  
figuroayX group i s  re p la c e d * 1 fh o  d -p«* to lueB ecu lph ina te9. 
so o b ta in ed *  tuokt $ th e re fo re *  p o sse es  th e n .  no a  
c b n f lg u r a t i t o =' ae‘-'the .pOiTcat.'clcoliol*-. -.■• a /a -  a.--..
C,M13 . - . . : p Hx3 :■
II—C—<3(3 + Cl], 30 .CyHy " —;> : H— C—Q—SO.CyByI
j , ~ ( + ) e t  e s i o l  4 & - * ( + ) - y 3 - *  o c t y l  p ~ t o l u m o s i £ l s M » a t e
I t  hod prev iously  been-.shown by Otto 
141 s-' 576f Otto and .growera Bain * 1641 f 64 § 485) . th a t  ■ 
p^toluone& ulphinio ac id  w ill' re a c t w ith the. halogens to  '. 
g ive  th e  co rre sp o a d ia g  p - to lu c a e s u lp h o iif l  h a l id e *  - .- 
0?1*7S0JI-+ 2B *■ C^SO^X + IIS 
■ (chore X trey be 01* Br o r  I* ) * a  a.-.
H ousaa, ZmjOP K lX llp s i 19S9* 1700) found
tliat this. r c ^ c l io a .  wo'old iolse pl&eo a l s o . with, th e  
a u lp h in ic  esters. . . , ... .
E€ ^ S 0 * C |X  . ; > . , 0 ^ 8 0 * 0
&px ;   01
C .^SO .G
*>**Bir
H C JL B 0 .0
-;■ ■■■-■■: - - : ^  ■•'-'■■■<■ v. ■■■■„
l i r  . Br
OX
+R 
Rif
/ I n  th e  f i r s t  o f  th e s e  i t  i a  su g g ested  hhnb the 
' ohlo tin® ■ mSmi eo ab iaea  w ith  th e  t e t i o n  from  th o
j>^toluenesiiX |>hinio .go id*' le aT in g   ^ obi®rim  k a tio s t f r e e  
to  form  j^ tQ lu caa r^X p h o n y l o h lo rid o #  d ia li th e  j>*t0Xuene-* 
B ulphiR ie e s t e r s  a  s ta ll?  r  ty p o  o» cT rrcc  tafeea place in  
vihim  the cctthetUn hatiom ? Ej J o * Xocpus p a r t  to  
. th e  hydrogen k a tio n ^ b y  u n i t i ^  w ith , th e  c n lo r in e  smiozi#
I t  i s  suggested tha t th e . mechanism by which the bromine 
r e a c ts  w ith  til© 4-(+)-p-toXu€si© sulphinate ia  s im ila r  to  
th a t  put forward fo r  th e  ao tion  o f  chlorine*
1~ (-) -eh lore-eet or*
£«•(+)~p**toXneaosul p h in a ta  ^  •
* X H ~ ) ~ b r o  m o le s te r* ,. 
Houssa^ £ertyott and, B iXXipa ( loo#  f i t » ) d m  found t h a t  
the jg^tolu& nea& l^& iaic e s t e r s  would r e s e t  w ith  . 
hypochlorous r.el& to gise th e .a la o ao X  end p ~ toluene- 
su lp h o n y l ch lo rid e *  -
Tne mcehmiism put forward to  e x p la in  t h i s  r e a c t io n , was
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0?I^S0 *0 J i i . , C?H^S0 *0 ‘ *
3 01 OH ; : a Cl
TM s mechanism assumes t h a t  -hypo ch lo ro u s  aoid.. r e a c ts -  as .: 
shown;:.and n o t  “by i o n i s a t i o n #a a s  m ight he .e x p e c te d , ; in to  
; HC10 •— > H+ + OClW .
fhat ;in. some, reactions hy po.chlotous : acid does react iaa... 
this wsy is shown by its ; addition .to. unsaturated 
hydro carbons to - fo rm. ehlo rhydring , ;e *,g»: .with' ethylene it
gives, - e th y le n e .■ ch lo rhydrim  aw:- ; -a
Oil, a a a ' : . a - H 9 a a*. :GHo0H a - ; yv:a: :a:CH> - a-; .. - HO
i r  + i
... ........ Cl ■: : C3,C1
4*+
: Jakow kia ( Z e i t ,  -p to s ik G l. Chera., 1899, 29 , .613 ),
from  o b s e rv a tio n s  o n ,th e  ..co n d u c tiv ity  o f  :aqueous- s o lu t io n s  
o f  c h lo rin e }  f i r s t  d re w -a tte n tio n :.to  .-.the p o ss ib le ;. --.. a
ampho t e r i c ,  n a tu re  o f  hypo ch lo ro u s  a o i d*
.C l., ; +■ m* —* H+ + Cl" + HO Cl + m .
H is r e s u l t s  showed t h a t  s o lu t io n s  o f  hypo c h lo ro u s  a c id  
were p r a c t i c a l l y  f r e e  from  hydrogen N ations*  '
...: 2he io n issm io n  o f  hypo ch lo ro u s  a c id  was f u r t h e r
in v e s t ig a te d  by ho yes and W ilson (J* Amer. Chemf S o c ., * 
1922, -4 4 1 1 6 3 0 ), who showed t h a t  th e  work o f  Ja&owkin 
le d . c l e a r ly  to. th e  c o n c lu s io n  • t h a t . hypo ch lo ro u s  - a c id  -a- - 
must io n is e  in to
HO Cl £=2 HO” + Cl+
They a lso , su g g ested  t h a t  . i t s  method of. p r e p a ra t io n  from  
c h lo r in e  and w a te r , i n  th e  p resen ce  o f  m e rc u r ic • o x id e
supported/; tills, hypothesis* : >, .
The:. importance o f  th e  reactions of d - 
o c ty l. j3~to lu e n e  su lp h in  a te  w ith  chlorine ..and'• hy-pochlorous 
acid lies ■ in the . fact t h a t  th e y  'p ro v id e  a method -oft- 
d e te rm in in g  . th e  .c o n f ig u ra tio n a l r e la t io n s h ip  between ; ■ 
d-(+) c t anol; and ; th e  ; o p t ic  a l ly , a c t i v e , ch lo  ro -o c ta n e s  #•
The d -p - to lu e n e s r i lp h in a te  was obtained f*n>m d - c + M -  
octanol b y ;.a ,method gw hich.l e f t  undisturbed th e  four bonds 
of th e  asymmetric, carbon-'atomgend .i t . ;m u s t . - th e r e f o r e f . 
•have 'the . d e x tro -c o n f  ig u ra tio n #  Since th e  eff e c t o f  
hypo chlo rous .acid . was to  . g iv e  ; a (-) - ^ - o c t s n a i  . th is  • 
reaction imxst'have been •..accompanied - b y ; m \ in v e r s io n  o f  \ 
c o n f ig u ra t io n ,  .because . i f  .no in v e rs io n  o f  configuration 
had  occurred there-would have been formed d -(+ )^~ o c tan o l*  
The action o f  •■chlorine, -..was to  :.give a la e v o -ro  t  a to ry  . 
ch lo ro -o c tan e* . . ■
H— C—0—SO— CyHy
d~(., octyl-
p-to luene sulphin&t e
Since the action of chlorine is of the same
ty p e ' as th a t  o f  hypo ch lo ro u s  a c id /  l ie *  th e  e n te r in g
group i s '  p re s e n t  from th e  b eg in n in g - o f  th e  reaction"" i n ’
th e  a n io n ic  s t a t e f i t  i s  xe iso n ah le  to" suppose t h a t  th e
two r e a c t io n s  proceed by r a u il  r  mechanisms' snd ..th e re fo re
th e  r e a c t io n /w ith  c h lo r in e  ■also p roceeds w ith  /inversion ...
o f  c o n f ig u r a t io n /  I t  fo llo w s  th e n  th a t"X -{ -  J«y^6;ctane
h as  th e  'same c o n f ig u ra t io n  as  X~(~*} -y^-octanolu "
Houses- and P h i l l i p s  1932, 1233}
re p e a te d  th e s e  exp erim en ts  using-'’phenylm eihylcerhinyl,--" "
j>-to lu en e  s u l r h in  a te  ■ b u t were u n ab le  to  o b ta in  any/ t r a c e
o f . p h en y lm eth y leax b in o l w ith  hypo ch lo rous' a c id /  :
A lthough  n - to lu e n e s u lp h in y l c h lo r id e  would n o t
r  e ae t  w i t h " e th y l  (+) yd -hydro xy phenyl pro ® io n +•* in  ■
th e  p resen ce  o f  p o tassiu m  ca rb o n a te  and e th e r ,  y e t ,
p ro v id ed  t h e  tem p era tu re /w as h e p t ' a s  low as p o s s ib le  , i t
d id  r e a c t  w ith  t h i s  h y d ro x y -e s te r  i n  th e 'p r e s e n c e  o f  dry
p y r id in e  to  g iv e  e th y l  d - (+ ) - /^ j^ to lu ie n e s \i lp h in o ^ r -  1
/0-phenylpro p io n a t e * P rep a red  by t h i s  method i t  ..was "
found to  have i  +14 (A 58 1*0)* ?
T h e 'd ~ e u lp h in a te  was so u n s ta b le  t h a t  ‘ com plete
d ec o m p o s itio n 'o cc u rred  when i t s  - d i s t i l l a t i o n  was
a tte m p ted ^  even a t  p re s s u re s  beidw  d t i  o f  mercury*
A s im i la r  i n s t a b i l i t y  was form a by Kenyon end P h i l l i p s
( J»c »S» #' 1950 » 16?6) fo ra  th e  j5 - to l‘n en e s iilp h in a te  o f  '
■ ' ; ' 
d - pli cny lm® t  liy 1 c arb xno 1 .
; v  ' •: ' T i l © -  j | ~ g « l i i i i a a t e  w a s ,  t h e r e f o r © *  u s e d  m : b o o h
a s  - i t  had ' h e m - p r o p e r ed f  ■ T h a t ; th e  d^sulphtEat© cm  be -
■ prepared - in' t h i s  maimer, i s  shown • by th e  -rest& ts o f
■ a n a ly s is  found C, 65*3 j 'H,' 6 * 3 i: S* 9*6i" ■
r e q u i r e s  0# 6 5 * if  Hj 6*1$' S* 9 e n d - f u r t h e r  t h a t  ' ;
0 #5362g*'>required ■ fo r  - com plete h y d r o ly s is  0 *128Sg# '' : 
sodium hydroxide, tifclle th e  em p irica l fo r a o la  req u ires' •
Q *129*2 g* - , -
. The r e a c t io n s  o f; t h e ;& *sulph iaate. w ith  c h lo r in e  
m d  bromine were* ia. both o a s e s , ; carr ied  out ,:ia'"the 
f i r s t  p lace  .with .a - s o lu t io n  o f  th e  halogen  ia  dry- ;;: 
chloroform  md- then  ia, aqueous su lu tio a *  . I a  ‘a l l  eases" ; " 
th e re  was ob ta in ed  th e  (^)^hslog© a^©sterf .s ta r t in g  from  
th e  d-*sulphihate* . . - / :g
: , That th e r e a c tio n s  ;did ,m t  proceed ■;smoothly
was" shown by th e  poor y ie ld 'o f  th e ,p rod u ct and .also by 
th e  low  r o ta to ry  power, o f  th e  halogea^esf@ r o b ta in e d ! ..., 
t h i s  i s  paraH elad. by th e  o b serv a tio n s o fE o u s s a  m d  
P h i l l ip s  ( loo*  ...git t ) » This i s  probably , due to  th e  
presence o f  th e  phenyl group, d ir e c t ly  attached  to  t h e ' 
asymmetric carbon atom* .
With hypo c h lo r o u s . acid  tho  ^ s u ip h in s t©  gaire," 
as th e  main product o f  th e -r e a c t io n , e th y l  
hydrosy y^phenylproploaate $, th ere  was , a lso  obtained  a 
sm all q u an tity  o f 'th e .(~ )^ h lo r o ~ e s to r *
Thus, by rea ctio n s'w h ich  an© c lo s e ly  s im ila r  
i a  ty p e , th ere  was ob ta ined  from th e  d ^ u lp h ia a ie  by t h e
31
i n ^ ^ p e o t h e r e  ^ p t h e \ .
a c t io n  o f  ehlo*an& w ater#-brom ine. w ater, end. a n . aqueous 
so lu t io n : o f  ; hypo ch lo rous. acid* a . ( - ) - c l i lo r o - e s te r #  a 
(~ } ^ b ro m o les te r end ..th e ;'l-(~ )-lay d ro sy '-e s te r*  S ince we 
know t h a t - i n  'the, l a s t  .case an ..in v ersio n , of... c& nfignxation  
h a s ,o c c u rre d #  i t  raa^ he concluded th a t  each o f  th e  o th e r  . 
r e a c t io n s  has been  accompanied by in v e rs io n  o f  ; . 
c o n f ig u ra tio n #  ; ' .
.Q/.IL' To o
- ...CH,00oEt•o
-Hoo 5
l - ( - )  -c h lo  rci
e s t e r *
lift}
H-C-OH . ; C. 
CH.CO'Et
}-hydro  ay ■
"" . e s te r#
7H7S0C1 . IM)-0-fSQ-CyH7 ; :HQC1 ^ HO-C-i 
■ > CH.COgEt :’ °
. d--(+)'-*sUlphinate '
>— MI ,.: 
GILCO^Et
l~ (~ )-hydroxy- 
e s te r#  ;
0 J rL  * o o
BrKi-H-
ClhCOoEth* &
e s te r#
The t u a n t i t& t iv c  r e s u l t s  o f  th e s e  experim en ts  
a re  s e t  o u t in  th e  fo llo w in g  ta b le #  '
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I& E S L -IL
t IgP .y^ -OWOrS 0  ^ T)OTiV^tir
LcS-aUlPhlnate_tar..th9 Action .of Halo;?gg.s :and o
■■ ■■, . :  ; H a a i£ b la im s _ a s M . >
h is i  nod ^rom th e
■f
He agent •:. .: S o lv en t . ’ Product..: Observed. 
R o ta to ry  
Power o f  1
p roduct * .
04 (1 —1 «0 ) fw>l ~
H ig h est 
Recorded 
O p tic a l  
R o ta to ry  
■..Power o f  
P roduct*
oC (1*1 .0 ) $ut
C hlorine-a; 
■ *♦
ch lo ro fo rm
w ate r ■p: ;r -
( - )  ch lo ro  
e s te r*  
( - )  ch lo ro  ■ 
e s te r*
.■ -S .20V  
. ' —4.30*
- f -11*84°
Bromine ?
it
chloroform : 
w afer -
( - )  broEo. -
e s te r*
' { -) broiao 
e s te r*
-5*.72V;
-1*43*
■ -22*01°
Hypo chlor** 
-o u s  acid*
w a te r : ( - )  Hydro xy 
e s te r*
.-11 .53°. . . -23 .39°
KQTB I :,: a p.-W.;: . ;. \ .■ i
. lo r  th e  pu rp o ses o f  •;com parison-.t h e  l a s t  column g iv e s  ..the 
h i ;g h es i..reco rd ed  ro ta to ry /  powers o f  ethyl■■l-(~ )-?  -c h lo ro -#  
l^ ~ ) ^ ~ b r o m o ,  and l - (  ~) - ^ h y d ro ^ ^ p h e n y lp ro  p io n a te  
r e s p e c t iv e ly !
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. fixe r e a c t io n  betw een th e  ■ d - s u lp h in a te  and, :. 
io d in e  mono c h lo r id e  was a lso  in v e s t ig a te d » s in c e . i t  h a s  
been  found to  ;r e a c t  w ith  p u re ly  a l i p h a t i c  o - to lu e n e -  ; 
su lp h in & tes (Houssa and P h i l l i p s , l o o t  o i t ») to  g iv e  an 
at& yl c h lo r id e  :an d .p -to  I re n e  su lp h o n y l, iod ide*  I t  was-. , 
•found t3iat . such a  r e a c t i o n : d i d . i a  f a c t , ia h e  p la c e  — 
^ - to lu e n e s u lp h o n y l: io d id e  se p a ra te d  'and from ..the re s id u a l ,  
o i l y  la y e r  was • o b ta in e d . th e  ( - ) - c h lo r o .- e s te r 9 ■ which had :
-2  *56. ( l» i* Q ) . - Ih e  low rotatory*,'., power o f  th e  ;..,.
( r ) - c h lo r id e  -obt sdned showed th a t-  th e  r e a c t io n ’, was 
accom panied by. maoh racem isa tio n *  ;
S in ce  io d in e  m m  c h lo r id e  .may he c o n s id e red  to  
io n is e , : ; XC1; : I  * ■ + ex': v - : -
t h i s ,  reac tio n .; may he co n sid ered , to  . o ccu r by . a 'mechanism- ;•
s im i la r  to  th a t ,  g iven  above f o r  th e  a c t io n  o f  th e  halogen*
on  th e  d -su lp h in a t.e  : ■ "
CJi„ SO.0 
+
I
'? 7' +
+
R
. fh e  r e a c t io n  betw een th e  d - s u lp h in a te  and 
cyanogen c h lo r id e  was examined1 to  .s e e  i f  i t  '-would proceed  
In  a maimer s im i la r  to  t h a t , she?m b y . io d in e  m m  c h lo r id e  
and hypo ch lo ro u s  ac id  9, s in c e  i t  m ight 'be expected  t o ■ 
io n is e  : in.. th e  p resen ce  o f  th e  d - s u lp h in a te
c ic i —* cij“ + c f  . •
J 4
When '.the r e a c t io n  .tools ..place u n d e r .anhydrous c o n d itio n s  
th e  c y an o -e s t o r o b ta in e d  h a d  a , very... sm all, la e v o - ro t  a t  io n ,
I.. ^^<vr>4 ^  Ing  t h a t  a  c o n s id e ra b le . -.amount of. ra c e m iz a tio n
had  ta k en  .place*'
The in t e r a c t i o n  o f  th e  d - s u lp h in a te  w ith  n i t r o u s  
a c id  was. a lso  in v e s t ig a te d ,  /s in c e  ..th is  .acid h as  been . 
shown to  io n is e  in  a. manner s im i la r  to  hypo ch lo ro u s ac id*  
f o r  .exam ple, lo y e s  ( XrfU and Eng* Cheat*, 1932, 2 4 , 1084) 
i n  an endeavour to  e x p la in  t h e . fu n c t io n  o f  w a te r in  
c a ta ly s in g  th e  r e a c t io n  betw een n i t r o g e n  te t r o x id e  and 
p o ta ss iu m  c h lo r id e  (W h it ta k e r , ,lun .destrom  and M erz, I n d « 
end Ing* Chem,*, 1931, 2 3 , 1410) suggested ; t h a t  the- 
n e g a tiv e  hyd roxy l io n  o f  th e  w ate r u n i te s  w ith  th e  
po s i t i v e  HO io n  and. the... hydrogen, h a t  io n  w ith  th e  n e g a tiv e  
E0;g Ion* ..
/ .  HO* H i ♦.-..S^.HOg .. H BOg
M itro u s a c id ,  l i k e  hypo ch lo ro u s  a c id , i s  th u s  . am photeric  ' 
, in  c h a ra c te r  and may io n is e  in  two ways*
HOBO , .£ = * . H+  ♦ BOg •
HOJIO EQ~+H0+
, f h e  e x is te n c e  o f  HO"1* io n s  h as  been shown, a l s o - /  
by M easles (Proc* Roy* Soc*., 1931, iU 154,. 2 6 5 ) , from  a 
s tu d y  - o f  ..tlie Raman, e f f e c t  in  th e  o x id e s  end o x y ac id s  o f  
n itro g e n *
lir a s  i t  appears t h a t  n i t r o u s  a c id  can  behave
*5M
in  ■'a  manner analogous to  hypoch lo rous a c id « An' 
experiment was th e r e f o r e  c a r r ie d  o u t to  'see- whether if - * 
would react w ith  th e  d ~ su lp h in a te  acco rd ing  to  th e  
following . scheme ...
CJH |b o
H-~G“—0—’SO~fLH™ | T 7
; i C1L CO-.St '
■ ■
jet
0-EL To 5
•0—H
is.^GQgEt
1 -
C . - I L '  -IO 0--
'H^Cp-'b— SO-C„Hv
I
y ■ CHgCOgB-t :
• • . n  . / * . ;,
V?
I
ho—c—H 
cH^CO^Et
I ”
I t  w as 'fo u n d  th a t  such a r e a c t io n -  d id  ta k e  p la c e ,  and;/ 
th e  low  r o ta to r y  power o f ' t h e  hydro xy-es ter o b ta in ed  ' 
showed th a t  imicii ra c e m isa tio n  had occu rred*  .
'"r ': fABlE ;! I I I  :
H o fa to ry  Powers o f  th e  Hydroxy—e s te r s  p rep ared  by v a r io u s  
"■'v ■ ..■■■■ methods* ■
/ S <*«*. (1=1 Vi* By esterification of the -hydroxy acid , + ‘
o » By th e  a c t io n  .of hypo chlorous a c id  on th e
d~ sul phinat e, -11 #53
3 * By the action of nitrous acid on the d-sulphinate „ 8.4)°
3?
ChH, C,H.
■■ J O  O  ■ J O  O
H— G— OH : —   ■-> H—0— 0— Sn- "
CffljCOaBt ' CH,C0oSt«l ** Ct &
dL-(+)^liydroxy^es-ter ; & ~ (+ )-su lp h iiia te
v'.- \
C.1L ‘ ; 0 II
j o  Q j  | 6  5 .
H— Q—0—C0-CE> " II—G—0— CQ-OH,,o .■ i - o
O H ^ C O p l t  ' C H o  G O o E t
■ ace to sy -es te r ' &«-(-+) ^ a e e to x y ^ e s te r
oCSf11 +5 . (1= 1 .0) c<s m  + 4 .7 3 ° (1 * 1 .0 )
A s im i la r  ty p e  o f  change was o b serv ed  in  th e  
r e a c t io n  o f  th e  d - s u l  plain a te  w ith  anhydrous fo rm ic acid.* 
H ere , ag a in  th e r e  /was o b ta in e d  a  (-f i- fo 'rsn o sy -e s te r  w ith  
some lo s s  o f  r o ta to r y  power*
The a c t io n  o f  anhydrous fo rm ic a c id  on th e  
d~ (+ )~ hydroxy~ este r gave r i s e  to  a  (+ )~ fo r22o r y - e s te r .
fABHB. I?»
&-(4- ) rii-oxy-e s i  e r  o b ta in e d  by th e  a c t io n  o f  .anhydrous
fo rm ic a c id  bn
1) th e  &~(+ j -h y d ro 2y - e s t  e r  had  c^^  + 9*64° (1=1 .0)
2) th e  d -(-f-)-su lo h in a fe  had oC + 8 .1 4 °  (1= 1 .0 ) ^
The l o s s  o f  r o ta to r y  power in  b o th  th e se  
r e a c t io n s  su g g e s ts  t h a t  some o f  th e  changes ta k e  p la c e
by rmpture o f  the linkage between the orggen  ra d . the 
. ca rb o n  store
. l 4 - 0 — 60*thfL
. . t * *i •••• •■ _
When e th y l d^(+)y^hydro^r y^phemylr*t>: donate
was f heated- w ith  e th y l:'21w %-**f‘olB etieerlph.irrf e no re a c tio n
at ell occurred* unlike the behaviour of l^^ctemel 
(Phillips, loc* eit*)$ which tinder similar conditions 
gave rise ■ to J.-^octyl .r t^olraroexilphimate*; - fills' may 
hm®  been due to '• th®. influence of the; phenyl. group ' 
directly attrcied to the asymmetric carbon atom., .since 
Kenyon, Phillips and feylor (y*0»$*, 1933,".if3} had " 
obtained a ci*il y result with phonylmetliylcorbinol* ■ 
fac d-culiMnate resembled the j^tolnene* 
sulpMnnios of ethyl end octyl alcohols since it did mot 
revet with the• potcsstun salts of carbo^lic'.acids to 
give the corresponding esters* ' '
two f u r th e r  r e a c t io n s  o f  th e  d ^ s u l iM a a ie  a re  
w orthy  of m ention* 'T b s ’ f i r s t ' i s  th e  p ro d u c tio n  o f  a  
{**) » e th o ry -* este r ' by th e  ’ a c t io n  o f ', e th y l  a lc o h o l 'o n  th e  
ji^ su lp M n  t o  in  th e  absence o f  p o ta s s ta a  e a rb o n a te , ' 
-w hereastim  th e  p resen ce  of • p o t^ e d u m  ca rb o n a te '" th e  
d~hydro:sy~ectcr was o b ta in ed *  The second o f  th e s e  
r e a c t io n s  i s  . a  c a se  ©f a lc o h o ly s is  due to  th e  p o tassiu m  
c a rb o n a te  rem oving th e  j - f o lu e n e s n lp h in io  a c id  a s  soon
as i t  was l ib e ra te d *
Pa%
E t.O —O—il :
o 6 s & : ^  Cu2 C0 ^ t
H— 0—0—-SO-C Hr^  ^  • 1 - ethoxy-* e s te r*
, c%C02Et . , f « V
d ^su lph inabe*  ; ^  H— c—OH
. 2 °°2 Bt 
cL-hydro xy~est e r  *
T hat th e  f i r s t  o f  th e s e  r e a c t io n s  proceeded 
w ith  in v e rs io n  o f  c o n f ig u ra tio n  i s  su g g ested  by th e  f a c t  
t h a t  th e  d~ h y & ro ry ~ ester, when a c te d  on by e th y l  io d id e  
and s i l v e r  o x id e y  a method u n i ik e ly  to  cause a change o f  
c o n f ig u r a t io n ,  g iv e s  r i s e  to  a ( + ) - e th o s y - e s t e r .
The r e a c t io n  betw een th e  d ^ su lp h in a te  and e th y l  
a lc o h o l9 i n  th e  absence o f  p o tassiu m  c a rb o n a te , may be 
p o s tu la te d  a s  due t o ' t h e  io n is a t io n  o f  th e  e th y l  a lc o h o l 
in to  ;
EtOH £=? ■ EtO~ +  H+
th e  I tO ^  io n  th e n  .reaictingow xth th e  carbonium  h a t io n  from  
th e  d~si£Lphimate w ith  in v e rs io n  o f  c o n f ig u ra tio n *
m em  . '
. When th e  second r e a c t io n  was re p e a te d  in  th e  
p re sen ce  o f  l i th iu m  c h lo r id e ,  th e  d ~ (+ )~ e th o s y -e s te r  was 
obtained.* T h is  was p ro b ab ly  due. to  th e  in te rm e d ia te  
fo rm a tio n  o f  th e  l~ (~ )~ c h lo ro -* e s te r , fo llow ed  by i t s
decom position  
scheme ■
: , f e %
Eto-C-H
arico;,E t&
'These r e  s t i l t s  a re  shorn  in  th e  fo llo w in g
C„H.jo O
S-q-Q-60-C^:HJ, r*7
Mi . <v>
d^su lph inat©
EtOE -f-.
'6**0CAfk
Calf*jy Q
LiGl+’EtOH _  Cl-CH0t
E,CO,'1?
H-0-0H "■■■
. I -
; CH.,CO.>Et :& . d.
,d~hydro x y - e s te r
CHoC0<3E t*v
1 -c li lo ro -
e s te r*
E,COf +
** 3
EtOH
H-0
CLE,u - O
GHnCOoBt6 &
d~ethoxy* 
~  e s te r*
I n  o rd e r  to  avoid th e  p o s s i b i l i t y  o f  th e s e  . - p .  
changes b e in g  due . .to r e a c t io n  n o t . w ith  th e  &~sulphinate 
hut. w ith  th e  jv to lu en esu lp h o n a te , formed d u rin g  th e  co u rse  
o f  th e  r e a c t io n  from  th e  d—s u lp h in a ie  hy atm ospheric  
o x id a tio n *  th e  r e a c t io n s  were c a r r ie d  o u t in  en 
atm osphere o f  n itro g e n #
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SECTION '3, ■ ' ■ . '
s i m x ^ 'c a a i a - Q i .
- H ost e n a b le ®  o f  fs l& en  in v e rs io n  r e a c t io n s  
in v o lv e  two rep l^ ee tr im t r e a c t lo n s  and i t  i s  im p o ss ib le  
to  decide- i i i  .which o f : these- r e a c t io n s  th e  ..in v e rsio n  ■ 
a c to a l ly  occu rs*  f lm s  i n  t h l S e r 1 s  o r ig in a l  o b s e rv a tio n s  
(lo o *  b i t* )  he  found th e  fo llo w in g  s e r i e s  o f  <4 - o s , 
CH,,CO,-,H CE,C0 I! ’ CILGOjHj A I ** **. . *  -
HQ— 0—a  PCI... II— c —Cl Ag>0 H— C—OH'
—— a -*  j — ^ — -> ]
CO.,H ,. 'CO.;.H CO II4* ** **
l<*maLi0 -a c id  ... d -o lilo ro m odu lo  d -m o lic  a c id4O0E* ' ^  . •- V • ■««*$ • *5ISM*
"'■■ =' ■ aoM
b u t lie had m  method o f  d e te rm in in g  in  w hich r e a c t io n  ■ 
th e  inversion-1 i£^:es.pX aee*;:, ,. ,.-
- .;.... Tk&r®\zTet how0ve?t c e r t a i n  ty p e s  o f  reac tion* : 
besides- th e  .r e a c t io n s  o f  th e  j - to lx ie n e s a lp la ia a te s  a lre a d y  
d e s c r ib e d  .en d 'd iscu ssed *  ’In  w h ich . i t  i s  p o s s ib le  to  show 
‘ c o n c lu s iv e ly  a t  .which s ta g e  o f  th e  r e a c t  io n  in v e r s io n  o f  
c o n f ig u ra tio n *  i f ' cry* mmt  .tafce p lace*  V ...
. P h i l l i p s  :(l o g f c i t 4  o x id is e d  th e  jg-toXuene-* 
s u lp h in ie  e s t e r s  o f  secondary  edLiphotic a lc o h o ls  to  th e  , 
' co rresp o n d in g  jv to lu eaecn 'C lrh o iia to sf and s in c e  th e  • 
o x i f  St’u xon in v o lv e s  o n ly  .. th e  a d d i t io n  o f  an  oxygen atom to  
to  ' th e  su lp lm r atom o f  th e  j^toX xtenesxilphinosy group* 
w ith o u t c a u s in g  a d is tu rb a n c e  o f  th e  bonds o f  th e  ■ ■
u e y i t v . c t r i o ; c  d m  - f c o a , ■ - . ' t h e  g v t a X u e a s m 1  
. ^produced-. tiM-1 the. same mnii  ?”' * ion m pm uo&©»* 
m a X x X i i n s i e o  a s d .  t l c l x  ;< r e n t  « ^ c o h o l s * ;  T m g . f r n ®
. i k e r o .w ere atta ined  ;/-:'-..v- : ;
f» t ? :-
VS“ J,5 r? t r  v« .
Cfa + Oil* SO. C? By
Q
—5> E—C—0 »S0»C«Sy 
! .
Mri+) jf~0 ctesoX
TT4&-
Jh* {-+') -y3**0 CT>j 1^' ’■'
jv io iu e & e e ^ p h ia g
Ir-5 —0—SO^C-r
f l ia  f i r s t  o f ' th e s e  r e a c t i o n s '  i s k e e  pictoe'Xy th e  a c t i o s ,  
of j ^ t o l u e a s a u l p l i i s f X  chloride* i s  t h e  presence o f  
p f r i d i a e i  . t h ©  s e c o n d  X y  t l a f e  a c t i o n  o f ' p o t a s s i u m  1 
'permangoialie* ii% t l x o  p r e s e n c e  of om equivalent o f ' 
msg&esiiM sulphate* i n  acetone solu tion  on the 
^ t o X E O S 6 3 u X i t x i n a ; l ; e *  a  "  ■ /
j^tolue&estfiphoiiate was found to 
react* i n  X X o o h o l i o  s o l u t i o n ,  . w i t h  ' t l x o  a l k a l i  e m i t s  o f  
c a r b o n y l ! o  a o x c l s  m d ' w i t l i  a l k a l i : c h l o r i d e s  t o  g i v e  the. 
corresponding e s t e r s  with • teroroion of confiscation*  
ie  inversion o f  c o n f i g u r a t i o n  o c c u r r e d  with a  , -mi
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■ com pleteness :'b i i h e r t o • u n d e te c te d  i a t h e  study  o f  th e  
Walden irn rersion*  ; P h i l l i p s  ( l o q ^ t t  ♦) found t h a t  
f i-O Q -u jl to lu en .esu lp h o n a te  r e a c te d  w it l ip o  osium 
a c e ta te  to: g iv e  a '(~)~<>oiyl a c e ta te *  S ince  a  v + J-o e ty l 
a c e ta te  was produced'.by th e  a c t io n  o f  a c e ty l ' c h lo r id e  
on t h e ' a lc o h o l , 'which In v o lv e s  o n ly  th e  rem oval o f  th e  
hydrogen atom from  th e  h y d ro iy l ': g roup and i t s  re p la c e ­
ment by th e  a c e ty l  r a d i c l e ,  i t  may be ' assumed t h a t  th e  
\+l~  •aceta te  so o b ta in e d  has th e  same c o n f ig u ra tio n  as  
th e  p a re n t a lc o h o l . . '•
|S 13 p  13 ' ■ ■
II—| — OH  ->  H— 0 "—BO—0^ 11  ^ -—^ H-—C—0 —S0-—0^Hy
/ c% \ c % ; / ' 7 " Y \ : ; / ' '
; d -  ' ; d -  ' ;
CE.C0C1 qCBLCOOK .
t
' ?6% 3
c— 2—cocE^.y; ' h^coc.o— c —h'"''T C O j
GH3 ' ^
2r
t h e r e f o r e ,  th e  a c t io n  o f  po tassium  a c e ta te  on th e  d -jw  
to lu e n e s u lp h o n a te ; must have - been  accompanied by in v e rs io n  
o f  c o n f ig u ra tio n *  :
I t  was a lso  found (H oussa, Kenyan and P h i l l i p s ,  
lo o .  c i t , ) t h a t  th e  a c t io n  o f  l i th iu m  c h lo r id e  on th e
44;
d - j- to lix e n e su l^ lio a a te  g a v e " a  .(-} ^ '3 -c liio ro -o  c t  aae * .' S in ce
h as  -the - s ame" conf ig u ra t  io n  - a s  d«*(+) ~fi~o c t  anoX * The
r e a c t i o n s :o f  su lp h o n ie  e s t e r s  w ith  po tassiu m  a c e ta te  end 
l i t h i u m , clilo r id e  th u s ' pro r id e  a n o th e r  method., f o r  th e  „ 
d e te rm in a tio n  o f  th e  r e l a t i v e  co n fi.m ira tio n s  o f  r e l a t e d  
h y d r o s ^  and .c h lo ro -  compounds*-.
o f  c a r lo x y l ic  a c id s  and- th e ' a l k a l i  s a l t s  o f ; th e  h a lo g en  
a c id s  i t  h a s  been ..found - th a t j - to lu e n e s a lp h o i ia te s  v^rill 
r e a c t ,  w ith , e th y l  a lc o h o l w ith  th e  fo rm a tio n  o f  .th e  a •,
l i r a s  Kenyon, P h i l l i p s  End T ry lo r  {Xocn c i t « ) foand t h a t
e th y l  a lc o h o l , in  th e  p resen ce  o f  p o tassiu m  c a rb o n a te ?to  
g iv e  (+ )-0 6 ~ p h ery ld ie th y l e th er*  When th e  potassio-*  . ;
d e r iv a t iv e  o f . th e  p a re n t, a lco h o l .was, t r e a t e d  .w ith  e th y l  
brom ide, th e r e  was o b ta in e d  a  la e v o - ro ta to r y  e th e r ;  so 
tiled; th e  a c t io n  o f  th e  e th y l  a lco h o l, must, have taken , p la c e  
w ith  in v e r s io n  of. c o n f ig u ra t io n  s in c e  the- p ro d u c tio n  o f
th e s e  ^are e s s e n t i a l l y : r e a c t io n s  o f  th e  same ty p e  th e
-  + -  +
:V V S°£ *° S ,H^S0o .0 h  '
' K OCOCE ^  L i £
conclusion , was :reached , t h a t  an in v e rs io n  o f  c o n f ig u ra t io n
had .oceuxred-f and,- 't h e r e f o r e ,  t h a t  th e  (4-) ^ 3 -c lilo ro -o c ta n e
l a  .ad d itio n -  to  - t h e i r  .r e a c t io n s  w ith  th e  s a l ts .
EQBt +  C? Hi?S0E .03
jt-p h en y lm e th y lcax b in y l j> ~ to iuenesu lphonat e re a c te d  w ith
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th e  e th e r  b y ; means'.of; t h e  p o ta s s io ^ d e r iv a t iv e  is , .u n lik e ly
to  cause change o f  c o n f ig u ra tio n *  y ;
ID  ■ 5
C..H; -V ■ C|o j
1 -  H-G-GH : 0 , H,; SO C lr H—C—0 - 8 0 —CtpHiy .»a»H-C-0-S0o-Ci»yEk
CIL, ICH,
1 -
I
CH,
K ♦ EtBr
CLH,|6  D
1 -  ' H-C-OBt'
■ ■ CE' ’
EtOHt
K*C0*
I
EtO—O—Ii
CH«s
L if f ic u X ty  a ro se  i n  th e  p re p a ra t io n  o f  e th y l  
d-/^j>*tolutoiie salphoixory /3~pro ay 1 p ro p io n a te , w hich was 
found to  be :v e ry  u n s ta b le * '
O th e r : u n s ta b le  j>~ to lu e n e su lp h o n a te s  a re  th o se  
o f  Ih p h en y lm eth y lcarb in o  1 {Kenyon,' P h i l l i p s  arid T a y lo r , • 
l o c i  c i t i ) and o f  b en sy l .a lco h o l (Medvedev/and' A lexeeva , 
Ber*.» 1932, 6 5 , 131); th e  second ox t h e s e ' i s  so u n s ta b le  
t h a t  i t  canno t be p re se rv e d  f o r  morb th a n  a  weeh, even 
o v e r ca lc ium  "chloride# " 1
'’" It was e v e n tu a lly  found t h a t  th e  o n ly  method 
by which th e  d~ su lp h o n a t e could  be p rep ared  was by th e  
u s e  o f  p e rh y d ro l { u rea  p e rh y d ra te , CO(hll^)^ *H90^) *
P h is  i s  an anhydrous o x id is in g  a g e n t,  which can. be u sed  
i n  th e  absence o f  w ater* She method o f  c a rry in g  o u t th e  
experim ent was to  add th e  p e rh y d ro l to  em anhydrous
*mixture of the JUmlrltinnte ma ’%ixb necessary ream onts*
In e ll  experiments t&o reaction mixtures wera aXXowo! to 
stand overnight b e fo r*  being heated under reflux, in  
order :to allow tin e  fo r tlao oxidation to t  la  pl&ce*
;'"’ Tam  the J^sulphoaat© rofluxad with e th y l  
tloolaol end tofneaiun carbonate there  was obtained ethyl
‘'L^ylpror.ioa^lOi; 1 ^  c**l:o j e s t e r  
was produced with te rere ion  of mn£i jum tioa sine# the ■ 
action o f s ilv e r  ex ile  end ethyl iodide on .the parent", 
^ a lc o h o l ,  a te thod  unli!:c2y  to load to Inversion o f 
c o n f i r m a t io n *  gave & ( + ) or n ' ; 
a ■ '-' : ■ liov wheel th is  ~\ ctiem was repeated with the
addition o f lith ium  c&loride to tlie r s a e tm ts V ' there waa'' 
ob ta ins! tUe i>c~ho g te s te r , 'in s te a d  o f Hie J^ethory-* 
e s te r  obtained in  the' previous" experiment* I t  is  ' 
pmpgratcd tlic t the to  f i r s t - r e a c ts  with the
l l lh ic u  ci»lori:e lo givo i?ao l^hloro«*ostor, since i t  i s  
bnowa ti ia t t ix te  i s  a eh srao te ris tic  rtion  o f j^tolmsua**
BttlrftTar.fceg Cfhilliaa'log;* c i t* i  Kenyon »• fh i l l in a  end /  
fu r le y § V ^ » S i »' U 25* ' 3^ ) f  tM  J^ch loro-oster then .
r e  ,a  l in g  w ith  th e  c r l iy l  rlao h o V  to  g iv e  th e  j% etiruy«* 
e s te r*  ■ ■■■• ■■■. ■. ■
, -  — y r a ,  |
CI^jGOgEt ' CEjCOgBt
I- r "§r '
The' f i r s t / o f  : iM s a  r e a c t io n s  d i f f e r s  from  t h a t  o f ' t h e  
d^sulphinate- d e sc r ib e d  above, s in c e  i i i  th e  p resen ce  o f  
potassium ''carbonate th e  d-sulphinate -gives-' th e  d-hydroxy-^ 
e s t e r ,  w h ile  i t  i s  o n ly , in  th e  absence o f  potassium' 
ca rb o n a te  - th a t th e  ( - ) ^ e th o r y - e s t e r  i s  produced* : I t  
th u s  ap p ea rs  t h a t  th e  fU s u lp h in a te  w i l l  o n ly  r e a c t  i n  a  
s im i la r  manner to  th e  d^sulphonate i n  s o lu t io n s  which - are 
o f  aft "acid c h a ra c te r* " ' '"
: ' The 'c o n t r a s t■, betw een th e  d - s u lp h in a te  and the 
d^sulphoftate i s  f u r th e r  em phasised -by th e ir  r e a c t io n s  ;■ -■ 
w ith  anhydrous acetic acid* ■' xn th e  case  o f  th e  
•cl-sulphinat© th e r e  was o b ta in ed  the d -a c e td x y -e s te r ,  
w ith  l i t t l e  lo s s  o f  r o ta to r y  power, w h ile  the d-sulphonate 
gave th e . l~acetoxy-ester , accompanied by much racemizatlon* 
Provided, therefore ...that the entering group is
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made -av a ilab le  in  th e . a n io n ic  s ta te *  '.tine, p ro d u c ts  .o f a l l  
t h e ;i  co lo n s ', s tu d ie d  show t h a t . th e  J .-su lp lxonate  undergoes 
rep la cem en t1 r e a c t io n s  in ;a .  -s im ila r , manner to  .those..,, 
su lp h o n ie  e s t e r s  in  w hich  th e  asym m etric .carbon, atom i s  
n o t d i r e c t l y  lin k e d  to  a phenyl g roup . fh e  d is tu rb in g  
in f lu e n c e  o f  t h i s  group i s  shown, how ever, by ...the,.low 
r o ta to r y  powers o f  th e  .p roducts o b ta in e d  in  th e s e  r e a c tio n s *
Prom a  study  o f  th e  l i t e r a t u r e  i t  appeared 
t h a t  'em o p t i c a l l y  .a c t iv e  ethy l. /3~ethoxy ^ -p h en y l-;., 
p ro p io n a te  had n o t been p re p a re d $\ t h e . p re p a ra t io n  o f  
t h i s  '.compound w as, '.th e re fo re*  a ttem p ted  b y . a..method 
w hich w ould, a t . th e  same tim e ,' de te rm in e  „ i t s  c o n f ig u ra t io n  
r e l a t i v e  to  .th e  p a re n t hydro my-compound* .
■ ih e  r e s u l t s  o f  th e  f i r s t  experim ent were p.. 
i n t e r e s t i n g  and • a l to g e th e r  u n ex p ec ted , s in c e  th e  a ttem p t 
to. p rep a re  th e  e th o x y -e s te r  by th e  a c t io n  o f  e t h y l ' -  
brom ide ..on th e  p o ta s s io - d e r iv a t  iv e  of. th e  d-hy-droxy— 
e s t e r  d id  n o t  y ie ld  more th a n  a ‘; t r a c e  o f  th e  e th o x y - - 
e s te r*  In s te a d  th e r e  was o b ta in e d  a good y ie ld  o f  e th y l  
c in n  ornate, w hich was th e  c h ie f  p ro d u c t o f  th e  r e a c t io n  
w hether i t  .was c a r r ie d  o u t i n  th e  p resen ce  o r  i n  th e  
absence o f  e th y l  bromide*
In  view  o f  th e  .experim en ts d e sc r ib e d  by 
E r1 enm eyer' ( Blochem * f e l t s c h r i f t . ,1916 , 7 7 , 5 5 1 ib id  134f 
^920 , 103, 79)
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'as a  r e e u i t  o f  which he  e lsim od  to  t a r e  o b ta in e d  m  
© p tlo s& ly  a c t i v e " o to i  mi©' ac id  /  i t ' i s  i a t c r e s t f u g  ' to  
reooxd  th c i  th e  e t h j i  eim iam ate "ob ta ined  as a  r e s u l t  o f  
t h i s  experim ent* s t a r t i n g  * i t h '  th e  jJ ^ iy d ro x y ^ c te r#  was 
o p t i c a l l y  in a c tiv e *  th e  re a so n  f o r  t h i s  b eh a v io u r o f  
p o ta s s iu m ' i s  © bsm rej b u t # tm&er • a i ^ i i c r  ex p e rim en ta l 
c o n d i t io n s  e t i^ r l  / - p l i o r i j l b u t j r a t e  h a s  b o m
found 0 in  th e s e  X © borato rlss $ to  behave in  a  s im ila r  
fashion#" . /  x  • /
;■■•■' An e th $ l  (+ )^ ^ o th © ^ y 3 « p h ^ y lp ro p io ii3 to  was 
obtained by the action o f  dry s i lv e r  oxide end '-ethyl 
iodide on the d -h jd ro ^ -este r#  I t  snst#; th e re fo re i ' 
since th is  method o f preparation is  u s lib e lj  to disturb  
the four velcncies o f the asymmetric carbon atom# be 
re la ted  oonfigurationeii^ to the j^+J^hy& rosy^ster*
s s o i m  4»
mm " i z ^  c j ^ i ?  02 mm mmoiTL o?.<
a  ■ a (+)-ls|*5lro3^ ^ae id# • o r : i t s  e s te r  $ .is  , : ,
treated.. with t&ioayX chloride the .ehloro-aoid o r . e s te r
protaoed/is ^s^vo^rotatoryf ■ e*g* ethyl .(^}~molate is. .,
. *■concerted-into ethyl X^Joblerosmooinste {MoSeasie and ; 
Bsrow , lo S i c lii^  : : ■■■
. ■•■ HO , CH,C0,,St : - : - - I I . .. . ,CR.:,CO.;M
v , ^  . ■ v  f
-  c ■■ ' : " - s o d ,  h e
/  \    — >■ /  \
, H  CO^Et -  ' , Cl . CO„Et
' i * *  . - . . ’ ' i . <&• . .
ethyl- (+)*»m&late . ' •■ e th y l. (-*)—chloro^ '
: " * euoc&iate*' ?
o'*"s,-;; : ^ v ” -.JfaSCeafcie end'Clough (loc# eit*> - discovered- . • • • '  . . . .  '"''f'' - *!&-■*&**&**«* xtBffftr.tfr****!:** *. .
th a t thionyl. chloride behnrns d iffe ren tly  .towards
hfdrosy-aclds#'-end their- esters* which contain a .phenol :
- •
group d ire c t ly ' attached to the asym etrlc  carbon atomi 
since fro m  these compoim&s i t  pro duces chloro-aclda». and 
esters# which, possess the saiaa sign of* ro ta tio n  as the 
paren t.hydro3?y^comi^md; e«§* ethyl (+}~m£ndelate is  
converted-into ethyl; (f')^ph.enyX’**chXoroaeetate«
r \  - SQC1t  > ‘ :v  / \  /
. H CE,,C0.>Et • ir  \a>COi«Et;'.
e thy l (+)*kan&eldte ethyl (-#*}-phenyl^
chloroaeetate *
. I f  the repXsesm^rt o f  a  hydroxyl group in  a 
hydro^yvcompound ha. carried  out .by m eans.of .tb s h a lid e s  
o r  .oxyhalides o f  .phosphorus th e re  . i s  a com plete. 
i m i f o « i t y  in  the r e s u lt s  o b ta in ed * :. fra iM .m d  ( J j S i l j f  
1913*. JDS.* i f f )  was ab le  to  show th a t ia  a l l  recorded  
o a ses  vdicn th e  iiy irosyl-group-w as rep laced  by halo fen*, 
u s in g  tliesersagents*: th e  h £ l0 gon-es r oond formed in v a r ia b ly  
p ossessed  th e  o p p o s ite  s ig n  o f  r o ta t io n  to th a t  o f  th e  
parent l^dro^^com pom df i t  Lairg. i r r  t r i a l  A e th e r  
th e re  was a phenyl group attached  to  t h e . asymmetric - 
carbon-atom o r  n o t9 e« g* . ^v^'-r.,
w i t h . ( + ) - la o t ic  aoid  ( f  l!:er* 4r*Q«S«*-1895* e2>*- 918)
03, . . , CE,I ^ ;• ■ | *->
H— C—OH : ...Kft.,- -■.....: .-01—0— E  -
I '-------- I ■ ■ ■ : "
: cotjH -. : - - c o c i
( + ) ~ l a c t i o ' a c id  ... '.(-J -^ -c J jio io p rd p io z jy l
chloride.
w ith  -e th y l (+)*«t-hytojxy e<-»phesjfr propionate ,(Kc2enais 
ana Clough. J .C .^ u , 1910. 9 ? , 3554.), ; ,. .
C.-.IL '  - - - - C..It . - .| O O' ^  U, . .
CE— 0—OH PCI, Cl— C—C%
J  | --------t i - ?  | *
C0,,Et ' CCbBt& 83
e th y l  (4 ^ - ^ h y d ro x y  ' s&JL {^J-oC^ehloro ou
oC^phenylpro p io n a te*  ' phenylpro  p io n a t « *
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w ith  (Houses sad' f  h i l l i p s ■
• f t y . 'i|  ».y. it D » $ § 00<v)
€
H-
'ti1'
6**5
O
iL
{+} ^ phcm jlsethyl e mfbiml
■ m
01— C—H
. . m? ■•-, • • ; ’ „' '
*  ^**>| H^eliXo x®
heascm t*
,;' f h ia e a o m a lo a a ’ behav iour-’o f ; ©omponads*  ^
c o n ta in in g  a p h « ay lf group- a ttach ed - to  th e  aaym w trie- 
ca rb o n  "atom* "-'towards tM oa^X ' c h lo r id e  was 'f o u n d 'to  
p e r s i s t '  e?cm t e e n  ' t h e : asym m etric' c a rb o n ' a tom : was. i n  th e  ■' 
^ - p o s i t i o a i  o*g* McsSensie Jm& Barrow- Clo.e^., fo m d  
that both ^^phea^rlproploaie a c i l  aad;its
m ethy l e s t e r  g a te  w ith  th e  c h lo r id e s  • and o ^ c h l o r i d e  o f  : -, 
■phosphoras!' tcxtlxo^xot& iaxy e h lo r o - 4 a r i ta t iT e e  # w h ile  w ith  
t h io c ^ l  o h lo r id e  they-gear© l.mr®**v®ta&QTp ehXoro--* ,.
deriTOtites#
.H i  o o
- a - d lr
CK,C0oMe"
m ethyl C -)-^ 4 } jd ro ^ r  
/^pfeenylpro p ionste
. r? r r
va^o 
II—C—Cl
ClJfoCOola
:- m ethy l (+)-7d*chl0ro
^.pheujr Ipro pic&at® *
■ ' 0,<E-~/ p  O
oi~0— a  
I
0li,00^Se <& **
m ethy l (* )^ 3 -e h lo ra  
yd-pheayI pro pionat e*
a s
■ I t  i s  th e r e f o r e * ' m. ‘im p o rtan t p o i n t ' to  b e  a b le  
d e f i n i t e l y  to  £j w &» v C w * x.0 v ijv.Cx tiie  'c a t io n  o f  fh io n y l  c h lo r id e  
©n dro^-^oom'po*arrl£» w hich c o n ta in  a  phenol" group 
d i r e c t l y  a t ta c h e d  to  th e  a s y m e tr io  carbon  atom* 1b one 
Of d ire c t-  re p la c e m e n tt beci-nse i f  th is "  be  so* th e n  th e  
a c t io n  of* &sg$ j)hQ®ph3 zm pentmhlorM® o b v io u s ly  occur© 
w ith/ in v e r s io n  o f  ©oiif igo r& t to& * I b i s  m e n tio n  c m  he  
d e c id e d  o n ly  when th e ' r e l a t i v e  c o n f ig u ra t io n s  o f  a  
J^dm^MwmrjQVjid a id  i t s  o h lo x o -* d e r iT o tife 'a r e  kmwn* ■'
'• ’ '' ' ■' From the results o f the reactions between the 
d-suliiiimate sad chlorine* "chlorine water end fc$p&efcloroua 
acid* which have h e m  fully' discussed in "on earlier 
section of this thesis * tlxa conclusion was reached that' 
the {-)~c&X©ro~ester assessed the opposite configuiction 
to the d~(f )'^ hydrosy-»ester*''"
' I h e  r e a c t io n  batmen  th io n y l  c h lo r id e  end t h e '  
d^l’iy d ro ry ^ e s te r  w as'found  to- p roceed  aipoibly-. end r e a d i ly  
g iv lsu g .'r ise  to  a  (+ )^ c J a lo io ^ e s te r |/w ith  V ery l i t t l e  
x-«o e iu isc t ion* . F o r  th e  reaso n s , g iv e n  above th e  (+)**chlor©~ 
e s t e r  prodaoed h a s  th e  e rn e  c o n f ig u r a t io n 'a s  th e  a 
&~hydr0xy-*ester and the to fore. t h i s  r e a c t io n  'p roceeds by 
d i r e c t  rep lacem en t m& w ith o u t in v e r s io n  o f  ' c o n f ig u ra tio n *  
ID ’ ' a ,E ,’ " " - ' " ' OX ‘ ' C*H~ "v y  a o ^  y^a a
c " 1 '"' soci ; ' 0
/ \  — * - ?  / \H CH,,CO.,Et ' H XJB200.„Et&' 4»
d’** &•*»
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; then the ©ter was treated, with ,
e ith e r  jhospho tub tr ich lo rid e  .o r pent ac&lori&e there was 
produced a. ( ^ } - 'e h lo ro « e s te r* ; fh e e a  reactions* th e re fo re *  
must telre place with inversion of. .configuratioru.
M ^ :. pm  ■ "ftf w!i v r r  ■ -/w . f O l i  o r  ‘M L  -v
IT  s CH;,CO ,E t ------------  Ji» CT C!J-/CO::;E
. . »?>r*
d** X-**
•*WW • . ■ •. •^eW5i' "P
I t  was ..also found t h a t . «hea  th e  d ^ h y d r o ^ f ^ s t e r  was.
t r e a t e d  w ith  phosphorus t r ib r o m id e . th e re  was produced a  
C H K brom olester* , .F or s im i la r  reason©  to  th e s e  g iv e n ., 
above fo r. t h e . c h lo r c ^ e e te r a * t h i s  r e a c t io n  m e t  proceed, 
w ith  in v e r s io n  o f  c o n f ig u ra t io n .
:;Fium th e  ro ta to ry .;  powers o f  th e  h a lo g m -e e te r a  
o b ta in ed *  see  r '* i e  ?  ,p*58* i t  w i l l .b e  seen  . th a t  th e s e  
r e a c t io n s  a r e  aeoompcniod .by a  co n s id e rab le "  amount o f  
r.acem isation*  I h i s  had been  mot to e d  In  th e  ca se  o f  
o th e r  r e a c t io n 0 , in v o lv in g  the . re p la c e m e n t.o f  b y d ro ry l by 
h a lo g e n , in  com A. i d s  where th e r e  i s  a  phenyl group 
a t ta c h e d  to  ; th e  asym m etric carbon  . atom by McSjsnsia and 
Barrow (Ic e *  oit*>  * and MeSenaie and Clough (lo o *  © it*) ** afttBfwxjtvnmt*#  e^ww^KwawaS*
E th y l dg-W -^-.hydro-ry y f-p h en y lp ro p io n a te  
behaves* th e re fo re *  in  a  s im ila r , way tow ards th e s e  .. 
r e a g e n ts  a s  do a l l  o th e r  lydiory-com pounds* w hether a c id s  
o r .  e s t e r s  o r  a lc o h o ls  * w hich h a le  a. pheny l group a t ta c h e d  
to  th e  asym m etric carbon atomi sad  i t s  b e h a v io u r  , i s
. .. . So
p a r a l l e l  to ' th e  r e s u l t s  o b ta in e d  by McKenzie., and 'B arrow . 
U&Si. tg^i^ydrosy . y^phcriylpro picnic c o i l  * ;
Kenyon t l i p s  ■CQ v •■*-*>*» jmv * . i n i  3 (J» c v d v  e ? 3 o U is ) ‘ 
have suo-m th a t  i a  th e  p resen ce  o f  a  t e r t i a r y  base* e*g# 
p y r id in e *  th io a y l  c h lo r id e  w i l l  r e a c t  w i th , hydrosy*- 
compounds* whiah c o n ta in  a  phenyl g ro o n d i r e c t l y  a t ta c h e d  
to  th e  asym m etric ©arbou,.&tom?t© "g iro  c Xo ^ d e r i v a t i v e s  
w hich p o sse ss  th e  o p p o s ite  .©iga o f  r o ta to r y  power t o v th e  
p a re n t  hydroicy^ooapom di e*g* ‘ e th y l  ( ^ )^ a n d e la t©  when, 
d is s o lv e d  i n  p y r id in e  and t r e a te d  w i t h ' ih io n y l  c h lo r id e  
give© r i s e  to  e th y l  (+ )^ p h c iy ld ilo .ra & a fa tt*  ’
: I0L / . I  ' Hs  / f  f>C ■ .S O O l^C Jhf! . X  " ■ ■iv  stu,co,Et ;— -£—*-? > oar oi cchst
* #  < &  ,  ■ . * » * ■ .  * *  .
e th y l ' C^)-*mandeI$2te* ' e th y l  (+)~phoiiyI**
: . e h lo rn e a ta fa *  . .
f h i s  r e s u l t  : w as ' s u r p r i s in g  a s  ‘i t  .had p re v io u s ly  been  - ■ 
shown by MoKeaale and Siidliops (Jh  B io l,, .CKgra. ,1934 ,6 3 ,3 5 1 ) 
t h a t  l^ M jc ta & o l'.is . co n v e rted  in to  d p ^ o h lo re b o o tc n e  h j 
m esas-o f th io » y l  c h lo r id e  * ■ 'both' in  th e  p re se n ce  ® d  - ; 
absence o f ' p y rid in e *  ; y-- '
* Kenyon * P h i l l i p s  end f a y  l o r  ( 1*0 *8 ♦.. * 1931 * 381) 
in v e s t ig a te d  th e  b eh a v io u r  n o t o n ly  o f  th io n y l  c h lo r id e  - 
h u t a l s o  o f  th e  c h lo r id e s  o f ' phosphorus on J.^phenyjU* 
m etlxy lcarb liao l*' b o th  in ' th e  p re se n c e  end ■ absence o f  ' .- 
t e r t i a r y  b a s e s ,  fh ey  found t h a t  w h ile  in  'the p re se n ce
t e r t i a r y  "bases th io n y l  c h lo r id e  gave r i s e  to  (+)«oc*-chloro 
e th y lb e n s e n e , in s te a d  o f  (~ )H * ~ eh lo re th y lb en zen e , y e t  th e
m echanism .of th e  i n t e r a c t i o n  betw een th io n y l  c h lo r id e  ■ 
and such hydroxy-com pounds, i s  m d d ified .b y  th e  p resen ce  
o f  a  t e r t i a r y  base* "x-
d~(+) -^G-hydroxy /3-phenyl pro p io n a t e w ith  r e s u l t s  th a t  
confirm ed th e  o b s e rv a tio n s  o f  th e s e  in v e s t ig a to r s .  When 
th e  d -h y d ro x y -e s te r  was d is so lv e d  in  two m o lecu la r 
p ro p o r tio n s  o f  p y r id in e , b e fo re  b e in g  t r e a t e d  w ith  th io n y l  
c h lo r id e , ' t h e ’c h lo ro - e s t  e r .o b ta in e d  was 1 a e v o - ro ta to ry , 
a lth o u g h  some ra e e m is a tio n  had o c c u rre d  s in c e  i t s
c h lo r id e s  o f  phosphorus gave r i s e  to  (+ ) -o ^ c h lo re th y l  
benzene b o th  in  th e  p resence, and in  th e  absence o f  
t e r t i a r y  b a s e s ,  e*g*
Cl—C-H
j
L 6*
HO— 0—H
I
CH*o
a i («) 4-of-chlor e th y l
benzene*
1~( - )  -p h en y lm e th y i 
clsrbinol*
(+) chlo r  e th y l '
: benzene, v
T here can b e .n o  d o u b t, th e r e f o r e ,  t h a t  th e
S im ila r  experim en ts were c a r r ie d  o u t w ith  e th y l
r o t a t e 27 power was n u m e ric a lly  l e a s  th s n  t h a t  o b ta in e d  
in  th e  absence  o f  p y r id in e * " ’ -
C J;L. ' 10 O
: - ' H  ' t f  ■' '
; p r*& . 
E— C—OH 1vE.,00 'Bt d d
£ r '
01— 0— H
i
■ . CHa COgE t 
1 -
H-
C/»E_ 6 e
•01
CH*CO>Bt4 **
oCw/ *-3*34
(1-1*0)
< * ,  • +11*43 
SHil (1*1 .0 )-
•.• _ v'lhesi th e  experim ents*  w ith  th e  halides o f  
phosphorus*, were re p e a te d  i t  was found th a t  th e  p re se n ce  
o f p y r id in e  had . no e ffec t on th e  eiga o f  ro tato ry  power 
o f  th e  h a lo g e n ^ e s te r  produced*. I t  was howeirar observed 
t h a t  i n  a l l  th e s e  r e a c t io n s  .the B sgaltude- o f  th e  ' 
r o t a t o r y ' power o f  th e  h s lo g e n ^ e s ie r  was much g r e a te r  in  
th e  p resen ce  o f  p y r id in e  th a n  in  i t s :  absence*
, TABXtB ¥» 
te  ..Bggrg o f  th e
y & r P  y f  f e e  P o ^ l r f f c n o n t  o f  th e
. im a m s .#
.. .. '. " . . V_'..
mirws^ TiMST V* $ ch» ■. ■ ■ SKKOTQ E02A203X
r o ;n s  op ia ,i0 3 r^ - ,.
*4^ 2 2&£ *
04 . ( *0}
,  " Styt
T TT. U.ll I. , ------------------ ,_._ L . . . .  II
; ' h o ^ ' n o se -  4 .1 7 '
' POl^" p^rtdiE© # 2 1261s* -  10 .77'
tC lg . v mane. ............. -  S . 35°
■pcv p y rid in .b ^ '2  box®* -  t  .33*
r>0 ^ flj£.3 + 11*43*
S0C1* 2 mole* ** B *8*?*
X > 3 • BOB© *“* &*! V • '-J'-'-*
PBr*«a» p:fri& ia©t & *s©lsu
. ' ■ ■ ;  -  >■■— ■ ■ ' ■
-  2 0 .0 1 '
f l i ©  o f  t t i a ' I ^ d r o ^ ^ e s t e r ^ w i t h  t h i o s y l
elilortd©  eea  he v * la ia e d  on th e  csazantioa, t h a t  t i i ©  
reaction , w ith  t h lo i^ l  e&Lori&e ta h o s wl&ca in  to o  s ta g e s  $ 
f i r s t  w ith  tli© fa* i tio n  o f "cm. internadi&t© cHtore*- 
sulphinatO f w ith  1 wo e lim in a tio n  o f  hydrochloric* ee id f  
t h e n  i n  th e  second stag© t h i s  chlorostslpM nat © decomposes
m
witl\-.tlie._ellsdnati02x of. sulphur dioxide and the formation
o f  .tlx®. c&Xoro-cwm^un^ ■; : : ; : . ^ : ■
o f . tt ie  .•reaction#  - I t  con f a c i l i t a t e  th e  fo rm a tio n  o f ; th e
This cm decomposition. might g iro -r ise  to  th e  c h lo rc w e s te r  
with in v e r s io n  of. c o n f ig u ra t io n  since the entering . .-. • 
chloriae atom is  -present1 as. an'smion? &. condition which 
i t  la  suggested leads to the .occurrence o f  a Walden. 
Inversion# ;
caused, to  .decompose..ia t h i s ,  manner * h a re  heen shown to  
h e  . produced when th io n y l  c h lo r id e  a c ts  on a lc o h o l
(MolCensie end Clough* y»g+B.«* . 1915# 103# 693) and e th y l ' 
J ^ l a c t a t e  ( F r o n h l s n d  e n d  G a r n e r *  J » , Q . » S * »  1 9 1 4 ,  J O 5 f  1 1 0 1 ) * .
fSCCX
+ so**«* fy
When p y r id in e  . . i s . p re s e n t i t  can  , t
c h lo ro s u lp h ln a te , hy .removing th e  'h y d ro c a lo r ic  ac id s, and
a ls o  a id  t o . I t s  decom position  l y :.foriri.ng £ n .tm s tc h le ;v;
p y rld ln iu m  c h lo r id e * . , ■ \ p., . ; ,;:-
; --CLHf< JPH,vC 0 .3 t, ■'.... • ;  ■
k Q'x? '*  '**+-■ ' •
: h /  n - s o - n / "  >
In te rm e d ia te  ohX orosy lph inafaS f which can
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Tne maim problem* in v o lv ed  in  th e  d e te c t io n  o f  th e / ' 
o c e u rre a c e  o r  non-o eeurrem ee o f "a  W alden ''inven tion  in  a  
given  rep lacem en t re a c tio n . ',  i s  th a t ,  o f  d e te rm in in g  th e  
r e l a t i v e  c o n f ig o ra t io h s  of th e  p a re n t  compound and i t s  
d e r iv a t iv e , s in c e ,. as h a s  been  sh o rn , change of. s ig n 'o f  
r o ta to r y  power does not; always mean change o f  
c o n f ig u ra t io n h  : ■
a) Phe Method o f  Qlou^hV :
Phe e a r l i e s t  a t te m p t ' to c o r r e la te  th e  s ig n  o f  
r o ta to r y  power o f  a  compound w ith  i t s  c o n f ig u ra tio n  was 
made by E is c h e r  (3er**1396y 29* 1 5 7 ? ) '-who, by an  
e la b o ra te  and in g en io u s  s e r i e s  o f  r e a c t io n s ,  co n v erted  
d -g lu c o se  in to  d - ta x ta x ic r  a c id  by methods w hich l e f t  
u n d is tu rb e d  th e  'bonds o f  th e  t h i r d  and f o u r th  carbon 
atoms'* '
■ • P reudehherg  (B a r* , 1914,- 47, 2037} by s im i la r  
r e a c t io n s  showed th a t  d ~ (-~ )- la c tic  a c id , d ~ (~ ) -g ly c e r ic  
a c id , & -(+)-m a lic  ac id  and d - ( + ) - t a r t  e r i c  a c id  a l l  
po s sess th e  same c o n f ig u ra t io n  as d~(+)-g3;uco se *
EO-a-H; :
H-O-OH ■
E-O-OH ■
' /c&  M
cW h+ ) - g l u o o S O # "*» •:. d-w>(-4'}'*» . a ~ C ~ } ~
: " , I b r t & r i e . . . g l y c e r i c .  B e l l a  -  > T a c t i c
a c i d #  ; a c i d #  a  : a e i d #  " a c i d *
Clough (J»0tSfta 1918a -.ita* ;S£6) exffiiaed .tfe©,;;.:.
r o ta to r y  low ers o f  th e s e  a c id s  and t h e i r  s a t  e ra  u n d e r
w idely  d i f f  er*ent. co n d itio n s#  ■'He measured* f o r  example*
th e  v a r i a t io n s  i a  t h e i r ' s p e c if ic .ro ta t io n s *  u n d e r th e
in f lu e n c e  o f  e l i m g a s  i n  t e m p e r a t u r e  e » &  ..solvent* t h e  : ;
i n f l u e n c e  o f  ' s a l t s  ( i n o r g a n i c  h a l i d e s ) . a M  o f  c e r t a i n
/ s u b s t i tu e n ts *  ■ from  th e  r e s u l t s .  o f  h i s  . &q&rime&t£X .
word: lie came to  th e  •conclusion  t h a t  **. m e  o p tic a l .
r o t a t o r y  p o w e r s  o f  . s i m i l a r l y  c o n s t i t u t e d  c o m p o u n d s ,  ■ •.
p o sse s s in g  t h e • same c o n f ig u r a t io n s » a r e  in  g e n e ra l
i n f l u e n c e d  ' s i m i l a r l y  b y  t h e  s a m e  c h a n g e s  i n  t h e  e d e r a a l
c o n d i t i o n s  ' a n d  a l s o  b y : t h e  i n t r o d u c t i o n  - o f  t h e  s a m e  ,  -
s u b s t i tu e n t  in to  .a g iv e n  r a d ic le  a t ta c h e d  to  th e
asym m etric carbon  a io ru tf \- .:■•-,'•,■■■
I n - t h i s  was Clough was a b le  to  show th a t  th e
exam ine a c id s ,  lasvo**s e r i n e ,  la e v o -a s p a r t io .  acid,-laevo.«»
leucine and' destro^alaainet a l l  heve .the same • :
■: GO^H 
no-c-H
H-C-OS 
CO R
C02s
' f a
ii~c~oh
CO H
■'-■• ... f c !
OEL
E-C--0H
■ pCO^H
conf i& iirat ion* a s ta te m e n t which..was confirm ed as,a"
1906* 8031 *907* 3717),sad others* whotore.. ,
inter^eonireried them without disturbing the laMi of tti# 
acynaatrie carbon  'atom* h e  \v a -,'
; 'flits-m etlaad  was f u r t h e r  e x te n d e d -by »
K&rrer* 'frcra&enberg* m l .  o th e r s  to  'e s t a b l i s h  th e  nd; 
r e l a t io n s h ip  betw een, th e  o c -a^ in o ^ ac ld s . sad  t h o ’ftt^ydrosy
e x te n s io n  to  ,h i s  6 r i ^ i n a l  l^po  t h e s i s  * g Clough had coin© 
to  ■ tlie  ■ co n c lu s io n ; t h a t  th e  d e x t ro - ro ta to r y  o t^ d r o x y * ;. 
a c id s  p o ssessed  th e  sx ro  c o n f ig u ra t io n  a s  th e . XaeuO"*h.;.• 
r o ta to r y  o U c h lo r id e s t ; I h i s  would mean t h a t  th e  . c l a s s i c  
ch an g e . dlscoTereo. by Walden ,/ ■ ’ ■ ■ ■
■ ( - ) - s ia l ic  ac id ' ffCIg • {+-)~ cb lo ro s tteo to io  a c id  • 
was n o t a  c a se  o f  to r e r s io n  b& a l l # .  ^ -
Plough la  1918* • sore information h a s . become available
t i c  X**( ,*»} ***Xeuoi2xe ••alanin©mm ~ # «** 1 c
1 -0 -S
a c id s  o n Kth e  one. hand*;and -the ■•o^amino~&cids and th e  : 
o ^ o h lo ro ^ ac id s  on. th e  o t lx e r i 'a l th o u g h  C lo u g h ;h im self was. 
f o r '  some tim e d o u b tf u l  a s  to -the v a l i d i t y  o f  t i l l s
S in ce  t l lia& t& m  o f  th e  o r i g i n a l  p ap er o f
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■ and -P reu d en b erg * Kalin! and K a rre r  a re  agreed  t h a t , fo r 
exam ple, ~m andelic 'acid • h as  the-sam e c o n f ig u ra tio n  
as the. co rresp o n d in g  ( - ) —o lilo ro - .a n d  (~)**amino~phenyl~ 
a e e t i c  ac id s# ' These w orkers ' a l s o ' s t a t e  th a t  th e  
rep lacem en t o f  -h y d ro ^ lb y ,;  a cn lo ro  g roup , by means of 
a .h a l id e  o f  phosphorus, i s  always- accompanied by ■ inversion 
of. configuration*-t ■■
*>). ZB 2a^£aaal& g££^^ ...fi£.;..tSe ; ‘
^s;Siite£al.SBiaa.t ; : ,
The in tro d u c t io n ' o f - a  p o la r  group i n t o v a hydro carbon 
m olecu le  .w il l  ’ d is p la c e  th e  c e n tr e s  o f  'g r a v i ty  o f  ‘the : 
e l e c t r o n ic  and n u c le a r  ch a rg es  j th u s  g iv in g  ■'r i s e  to  a  :i 
perm anent e l e c t r i c  d ip o le -w ith in  th e  m olecule,' c :
As a r e s u l t  o f  th e  work o f  Thomson, Smyth, 
W illiam s and o th e r s  d e f in i t e  p o la r  c o n tr ib u t io n s  have 
been  a ss ig n ed  to  d i f f e r e n t  groups* These groups may be 
a r ra n g e d '• in  • a  s e r i e s  r e p re s e n tin g  a g rad u a l t r a n s i t i o n  
from  s tro n g ly  e l e e i r o p o s i t i v e , n e g a t iv e ' end o f ' t h e  ‘d ip o le  
tow ards th e  p a re n t m o lecu le , to  s tro n g ly  e le c t ro n e g a t iv e ,  
p o s i t iv e  e n d 'o f  th e  d ip o le  tow ards th e  p a re n t m olecule* 
Such a  s e r i e s  -would be ' - - '" :
' : vHQ,V CIS, Br, OCH,:? H, oh:, HE!,.
■' ■■. S in ce  th e  polar n a tu re  o f  th e  substituent group
influences a varie ty  of physical properties and since
m o le o u ie r  disym m etry moy:•'•depend upon 'the d i s p o s i t io n  and 
c o n f ig u ra t io n  o f  the combining e le c t ro n s  o f  th e  atoms 
t  hems e lve  s ? i t  o e ons I  ik e ly  t h a t  tl i  e e l e c t r i c  mo meat o f  
th e  a c t  i r e  m olecu le  w i l l  h a re  a d e f in i t e  e f f e c t  on th e  
m agnitude o f  th e  r o ta to r y • pow er* : ■
R ule ( j«LC;»S»y 1924, 125, I tS lg  1 r m s  «''fa ra d a y  
So o », ’1930 t 24 ," 321) and h i s  -co—w orkers in v e s t ig a te d  th e  
m o le c u la r  r o ta to r y  powers o f  a  s e r i e s  o f  o p t ic a l ly  
a c t iv e  compounds o f  th e  ty p e  EX from  t h i s  s tan d p o in t*  
k® a  r e s u l t  Rule came to- th e  co n c lu s io n  th a t  th e  r o ta to r y  
power o f  th e  m olecule was a f tm c tio n  o f  th e  p o la r i t y  o f  
th e  s u b s t i tu e n t  groups a tta c h e d  to  th e  asym m etric ca rb o n  
atom* , R ule and M itc h e l l  ( J*C*S«»1926 f 3202) confirm ed 
t h i s  s e r i e s  ' f o r  some J.§c~octy l; e s te rs* . Ihey  concluded 
t h a t  in  g e n e ra l groups w h ich .p o sse ss  p o s i t iv e  p o la r i ty  
in f lu e n c e  the-' r o t a t i o n  o f  a p a re n t compound in  th e  
o p p o s ite  d i r e c t io n  to  groups which p o sse ss  n e g a tiv e  
p o la r i t y i  th e ' m agnitude' o f ;such' in f lu e n c e  b e in g  in ' 
accordance w ith  th e  p o s i t io n  o f  th e  •group in ' th e  p o la r  
s e r ie s *  'f ro m  t h i s  i t ' f o l l o w s  t h a t  " c o n fig u ra tio n a lly  
r e l a t e d  d e r iv a t iv e s  o b ta in e d  from  an o p t i c a l ly  a c t iv e  ' 
p a r e n t ; compound, when arranged  in  o rd e r  o f  th e  p o l a r i t i e s  
o f  th e  s u b s t i tu e n t  g ro u p s , should  g iv e  a  smooth s e r i e s  
o f  r o ta to r y  powers* One g re a t  h in d ra n c e  to th e
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a p p l ic a t io n  o f  th i s .  m ethod; i s ' t h a t '. pa r t i e l  r a c  © m iration 
may throw  th e  - r o ta to r y  powers o u t o f  fa  smooth eu rre*  f
,. Tims i f  - the . h y d ro x y l group o f  an a lco h o l l s  :; - 
s u b s t i tu te d :  by:.groups w ith  d i f f e r e n t  p o l a r i t i e s  th e  a; 
r o ta to r y  powers, o f  th e  p ro d u c ts  o b ta in ed *  when arranged  
ih  in c re a s in g  .o rd e r o f  r o ta to r y  pow ers9; g i r e  a lso  th e  
o rd e r  o f  in c re a s in g  p o s i t  i r e  p o la r i ty  o f  th e  s u b s t i tu e n t ,  
group*; . . . .: . . ■ a
■ .TABLE
V : ' -
.#0H ■ r v '+11 *99° ; "V ’
c8h i ? ,° ® i3 ; ■: + 1 2 .5* ,  ,■■■ w i v e - a
. 0II_ ,0 :i.0C H ; +13.0*& 1? O •
0gH17 .C± ? ■ : ■ ; +30.3°
...... CaH1?-.Br ’»/ +33 .1°
. cs % 7 0 .c o .c 6h 5 : : ; + 7 3 .0* ’;
: - I l i e . g rad ;a t i o i  in  r o ta to r y  powers spawn by th e s e
d i ^ o c t y l :  i e r i v a t i r e s  le a d s  to  th e  • co n c lu s io n  th a t  * f o r  
eneanple?:. th e  (+ )-^-*ch lo ro-octB 2ie p o sse sse s  th e . same,-........ x . . . .. ! 1 ' '• _ . ' "". y  v ■
c o n f ig u ra tio n , as: jd-*(-i-)^SM?ctanol0 • ou c o n c lu s io n . which 
was reach ed .;a l s o . by. .H ottssa. end P h i l l i p s  t l o c -  q i t  *) from  
a study  o f  th e  r e a c t io n s  o f  c ty l  n - to lu e h e s o lp h in a te
w ith  c h lo r in e  and hypo ch lo ro u s  acid*
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o) Shs imtoS. .o.f gate .EsaLTamer^anreiagriL. ,.
' Kuhn eM  Wagnez^Jsvtiregg (B er^ ?1923? 6 1 , 4811 
IM d# y 504} have d ev ised  a method f o r  th e  d e te rm in a tio n  
o f  c o n f ig u ra t io n a l  change which i s  independen t o f  th e  
o p t i c a l  r o ta to r y  power o f  t h e  d e r iv a t iv e  u nder ; 
c o n s id e ra tio n *  I t  i s  however o n ly  a p p l ic a b le  to  a r a t h e r  
l im i te d  number o f  compounds*
I  a r t  a r i c  a c id  e x i s t s  in  two in a c t iv e  forms* th e  
r a c e m ie .- ,  o r  e x te r n a l ly  com pensated, ■ end th e  me so ~y o r  
in te rn a l ly *  com pensated, acid* . The f i r s t  i s  a m o lecu la r  
compound o f  th e  d- and 1 -  a c id s  w hich can he .re so lv e d  by. 
m echan ical m eans, w hereas in  th e  second form  th e  r o t a t i o n  
o f  one h a l f  o f  th e  m olecule i s  e q u a l , and o p p o s ite  to  
o f  th e  o th e r  h a l f  *
: ■ ,
Eo-c-ii
HO-C-H
to
racem io acid.* m eso^acid*
The e x is te n c e  o f  the. meso^form i s  o n ly . p o s s ib le  ■ s in c e  
th e  two h a lv e s  o f  th e  m olectile p o sse ss  th e  same s t r u c tu r e  
I f  now th e  m olecu le  p o sse sse s  two d i f f e r e n t  h a lv e s  th e  
compound w hich p o sse sse s  a  s t r u c t u r e  analogous to  meso** 
t a r t a r i c  a c id  w il l ,  e x i s t  i n  tw o .o p t i c a l l y  a c t iv e  forms*
6?
which can combine to  g iv e  a  m o lecu lar racem io compound, 
such en example i s  provided 1>y th e  chloifm olic aclSs.-
XI
CO.,H
I ~
C l—C-H 
H-C-OH
JO^ H
H-C-Cl
r 'c o g H
Cl-C-H
,11
CO.,E
H-C—Cl
I
n~0~0H
CO IT
l-c h lo ro - -  d -c h lo ro -  . 
T«hydro sy- d-hydroxy-
"succinic aci(JE§uccinic acid
*KACELICn d lJ ^ S lo ro - -  • /
• m alic  a c id .
l - c h lo r o -  d— clilo ro—
l u l £ ° i ? l c i t 5 S " ic  acid
. ”MESOn 'd l-ch lo .ro -: a ' , .......
m a lic  a c id •
Kuhn argued th a t  - th e  a c id )  whose c o n s t i tu t io n  . is  g iv en  by 
fo rm u la  I I ,  shou ld  he g iv en  'th e ' 11 me so ** s t r u c tu r e  sin ce ' i t s  
p r o p e r t ie s  and I lose o f  i t s  e s te r s  a re  in te rm e d ia te  
b etw een th e  s 0 0 x me s o - t  a r t  ax i e ae id and me so ■^cliloro- 
s u c c in ic ' a c id j v / h ic l i  have been  shown to  p o sse ss  th e  same 
c o n f ig u ra t io n s  5 -  and- n o t betw een th o se  o f  th e  co rresp o n d in g  
racem io  a c id s .  T h is  p ro v id es , a  v a lu a b le  method f o r  
d e te rm in in g  t h e . c o n f ig u ra tio n s  o f  s e le c te d  eompo s 
w ith o u t re c o u rse  to  t h e i r  o p t i c a l  r o ta to r y  powers.
f o r  example., th e  a u th o rs  show ' t h a t  m ethyl meso— 
d l -  chlo  ro mol a t e , when t r e a te d  w ith  phosphorus ;p e n ta -  
c h lo r id e  o r  th io n y l  c h lo r id e ,  g iv e s  r i s e  tovm ethy l racem ic 
d ic h lo ro s u c c in a te .  Thus th e . 'r e a c t io n  must be accompanied 
by an in v e rs io n  o f  c o n f ig u ra t io n , s in c e  .normal 
s u b s t i tu t i o n  w orld have g iv en  r i s e  to  two m o lecu les o f  th e  
• m eso-d ich lo  r e - s u c c in a te  from  each double m olecule o f  th e
meso d l-ch lo ro  m alic e s te r
i
COgMe
h- c- c i  -c i - c-h
I I
HO—G—H v: V H—Q-OH
: CO*>M©
• raceraic* — dl—chloromalate
CO.,Me
I "
H -C -G l
I
H—G-OJC
0„Me COoMe
CO.,Me' j
C1-0-4I 
HO~C~H ■
I
: . COcMe
* me sof —eh lo ro m ala t e ,?0>Me >0oMe COoMe
H-C-Cl
I
H-C-01
I
CO^He
01-0—H ;
ci-o-a
I. COoMe
f0oMe
. H-C—01 :
I
01—0~H ,
I
-OOgKe,
Cl-O-H
I
H-C—Cl
to^Me
f m eso^-dlclaloro  suoolixate . * racemic*
■ By th e  u se  o f  s im i la r  m ethods th e  a u th o rs  a lso  
showed 'th a t e th y l  &-(**-)- t a r t r a t e  , i s  co n v erted  in to  e th y l  
1 -  ohlo ro  d-hydro xy sue c i n a t  e by th e  a c t  io n  o f  th io n y  1 
c h lo r id e  in  th e  p resen ce  o f  p y rid in e*  . -
C0oE t| d
H-C-OH
I
S0C1, C5I-I5I
COoEt|
H-C-OH
HQ-O-H
I
C0,;JEt
e th y l  &-(+)-~t a r t  r a t e
i
H-C- 0 1  
COoE t
e th y l  1 -ch lo rd -d -
hydroxysuec in a te
From th e s e  and s im ila r  c o n s id e ra t io n s  Kahn and 
1 ag n e r-Jau reg g  erne to  th e  co n c lu s io n  th a t  s u b s t i tu t i o n  
o f  hyd ro x y l by c h lo r in e ,  u s in g  phosphorus p e n ta e h lo r id e  
o r  th io n y l  c h lo r id e ,  p roceeds no rm ally  w ith  in v e rs io n  o f  
co n fig u ra tio n * .
, The r e s u l t s  61 .th e  above, in v e s t ig s t lo n e  in to  * 
th e  r e l a t i v e  c o n f ig u ra tio n s  o f . hydro xy~compounds and th e  
h a lo g e n -e s te ra  o b ta in e d  from  them by h a lo g e n a tio n  le a d  
u s  to  ,th e  c o n c lu s io n  th a t  th e  ( - ) - h a l id e s  a re  ' ; ,,
c o n f ig u r a t io n a l ly  r e l a t e d  to  th e  co rresp o n d in g  &•»(+)— ■ 
hydro  ^ -com pounds 5 t h i s  co n c lu s io n  b e in g  agreed  upon by 
such w idely  d i f f e r e n t  methods sis th o se  o f  Kuhn on the. 
t a r t a r i c  a c id s ,  o f  P h i l l i p s ;on th e  p ~ to liien esu l phonic , 
e s t e r s , -and.o f  B uie ' on th e  p u re ly  p h y s ic a l  b a s is  o f  th e  . .. 
p o l a r i t y  o f  th e  s u b s t i tu e n t  g roup , .
: S in ce  in  th e  examples .quoted above 'th e  h a l id e s
o f  . phosphorus gave a  ( - ) - h e l i d e  w ith  a d - (+ )—hydroxy- 
compound, we must conclude th a t  in  th e s e  examples in v e rs io n
o f  c o n f ig u ra t io n  h as o c c u rre d , "•..
-D u rin g  th e  cou rse  o f  th e s e  in v e s t ig a t io n s ,  from  
a study  o f  th e  r e a c t io n s  o f  t h e .£ - (+ ) - s u lp h in a t  e w ith  
c h lo r in e  and hypo ch lo ro u s  a c id ,  th e  co n c lu s io n  was 
rea c h ed  t h a t  e th y l  (+ )—/3 -ch lo rp ./2-~vhe:aylpropionate had ■ 
th e  same .co n fig u ra tio n -  as th e  d~ (+ )-hydroxy-e  s t e r •. I t  was 
a lso  found th a t. • th e  c h lo r id e s  o f  phosphorus gave a 
( - ) - c h l o r o - e s t e r  w ith  th e  same h y d ro x y -e s te r ,  end, 
th e r e f o r e ,  t h i s  r e a c t io n  must have o cc u rred  w ith  in v e r s io n  
o f  c o n f ig u ra t io n , These r e s u l t s  o f  th e  p re s e n t
. t o v o t o i f ' t i e n s  a r e  t h e r e f o r e  t o  3 . f o m e n t : $ r i t h  t h o s e  o f  : ;  
O t h e r  t o v e o t i ^ a t i o n s  m i ’ c o n f i r m  t h e - ’v a t o s  o f  t l i o  r e a c t i o n s  
o f  j ^ i e i  v L . m e ^ i l f a l n i e  ? r f c t ' r 3  a s  a  m s  t o o l  f o r  t h o  m  .;■
d e t e r m i n a t i o n  o f  c o m f i  r r r c t l r r X  r e l a t i o n s h i p #  f  f
:; " X a  a j r e a m o m t  v / l t h  t h e  v ; o r h  o f  e l l  o t h e r  ;' h r "  
t o r e s  f c i f c  t o r s  t h s  h e h m T l r a r . o f  t h i o a y l • c h l o r i d e * -;
w h i c h  w i t h  r  ~  ^ - W - I ^ i r o ^ - e s t e r  . . f i e l d s  a  ~ e h I o r £ K  
e s i e - r #  ~ a t o i  h o  C u e  t o  a  d i r e c t  c r h s i i t o f c i o r t  r e a c t i o n  
m X r  t h e  t o f l u  n  ^ o f  t h e  f h e r t j l  c r r o u ? - d i r e c t l y  a t t a c h e d  '; 
t o  t  ^  a s y m m e t r i c  c  t M s i  t t r i *  ■ f h l l # .: t o  4 * p r s o o n e e  o f  ; 
p y r i f t o o *  m h e a  t h e  s a n e  r o r 1.3 0 . 1t  $ i v c s  a  { - * } - c h l o s o - e s t e r  * ■ ■ 
c m  t o v e r r t o n  r e a c t i o n  r s a d t  h a v e  t ~ h o a  p l r e e ,  t h u s  s ^ r e e -  
- t o f  v / i t ? x  t h e  T i O v / s  o f ' I C c r ^ o n ^  I i i o s c o m h  c n l  X M X X t p s c  
. (Xoc* e l t* ) .  ■=. : ;. ■> ". •; ', ;.. h r
• : ; . : A  s t u d y  o f ,  t h e  ' « & £ m £ e s r  t o  r s f c  t o s y  powerh.;.,..■ ■
o f ' t h e  d e r i v a t i v e ©  o f  t h e  ^ ^ + ) ^ h | ,d r o T ^ r - e ? * t v r  f r o m  w h o  
t t  r h m o t o t  o f  t h e  p o l a r i t y  o f  t h e ’ s u h c t i V r r t  ** 0  <. ;
E u l e r s  m e t h o d t l e v  to to . t h e  fo lio  2.11 c o n c t o e l o a a *  h 
f a h l o  ? l  p #  f t  n i v e s  t h e  e s c c i f i c  c * v  0 ?  t l t o
f c y  t e o r ^ - e s t e r  m d  i t s  d e r i v a t i v e s  l a  t h e  h e r b s e n e o u ®  s t a t e *  
i n  a l c o h o l i c  r m u  i s  h s m s e n e  s o l u t i o n # .  t a h l a  f X X  j i v e o  
t h e ;  m l o c u l a r  r o t a t o r y  r i v e r s  o f  ' t h e  d e r i v a t i v e s *
s
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flie m isorlcal *r I zob o f  the m locu lar ro ta tions
are not e9&el_~itef - i t  feelrp ;m h hie. th a t la  v 
tlier© has 0 e i re :  l-cu 1$ r^oo^izrtloa ctateg  tlie 
course of. the. elioru What 'does, tmergt i s - th a t . a l l . the 
deriY attres fore e l frj-n the with the
exception of the hretacKester* are .I tr t ro - ro ts to i^ i . i f  
phos»shoruo v a 4 c ‘lori&e# -or t&ioaarl ehX^riie in ’the , 
•presence o f ussd.-fos * vforr^xtion.of ■ the
ehloro^esfer r  i ih t  too w ill ho laero ^ro ta to rf * Ilcmoe 
in  a l l  reactions! Xe;Jinf to the ■ formation of..a dextro­
ro ta to ry  fiarira.tiTef the prodmet prohohlj. a s se s se s  the,. 
j|~con£i aeration# " I t .la  prehshle« therefore* *■ the 
^ k a lM e s  possess the J^confl^r& tien# ■
f l i o  s c a a e . h o l d s  t r u e  o f  t h e  o i Y s t t Y e a  i n
solution whai c ■*7,1 sy, ’.p o ssess , th e  some sign o f  rotation as 
in  th e  homogeneous., state * .fhe exam ination  o f  . rotatory; ■ 
powers ..thus'"lends support to : preYious conclusions* ..
We can now draw up th e  fo llo w in g  scheme, 
showing th e  r e l a t i v e  c o n f ig u ra t io n s  o f  d e x t ro - ro ta to r y  
e th y l  d-yS-hy&roxy ^ -p h e n y l prop io n  a te  and th e  o p t i c a l ly  
a c t iv e  d e r iv a t iv e s  which have been. p rep ared  from, i t  i n  
th e  course  o f  th e s e  in v e s t ig a t io n s *
(-f) c h lo ro -e s te r*
1~( - )  -y£- chlo ro -ester
X^( -)-yJ-*’b rom o-este r *
d-(-f-) -/3-hydroxy -e  s t e r  <koOs ^  d -f-f- 'X -p -to lu en esu lrh in a te  *
&-.(+) -y l-e th o x y -es t er *..
J-* (+) -yJ-ac et o xy- e s t  er *
-fo rm o x y -es te r*  
lhe.se re  su it s say be ex ten d ed , by in c lu d in g  th e  
r e s u l t s  obtained by P isch er and S c h e ib le r  ( loo* c t t  *) 
and McEensie and Barrow ( l o c * c i t .Q on the  paren t ac id  
and i t s  methyl- - 'e s te r* . which- behaves in  a l l  .r e s p e c ts
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per a l l  e l to “Mae e th y l e s te r ,  to  give a complete account 
o f  th e  con fig u ra tio n a l r e la t io n s h ip s  o f  j|-~(+)-^ -hydroxy  
y5-phenylpropion5.c' ac id  and i t s  este rs*
X~(*}~y#~clilGro y$*phenyl prop io n ic  ac id
ir
a - (+ )- / i- ' '■'■ ■
hydroxy 
/l~plienyl~ 6  
p ro p io n ic
HIOp
M ll.lM n .W l
a c id .
Noce 9
1-  V d*
18nino  ** sBiiBQ *4 -* *"
phenyl*  ... phenyl* 
p ro p io n ic  p ro p io n ic  
acid* . . . ac id * '
R
moo
T ^
!-(.* ) n4-*
hydroxy 
j^ p h e n y l 
pro p io n ic  
• acid*
Nott
d~{+) chlo ro  ^*pheiiy l pro p io n ic  ac i
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SECTION 6 «
THE .EECHA.NISM 01 SUBSTITUTION SmCTIQIS 111 BkTWPM W  •
: OB1A1IC COHPOTODS.
• from ' the  r e a c t io n s  d is c u s s e d : in  ,th e  .p rev ious 
sec tio n s  of t h i s ' t h e s i s  we see .th a t  a ’ com plete e x p la n a tio n  
o f  th e 'W ald en - 'in v e rs io n -can n o t be given, u n t i l  we a re  in
a p o s itio n  c l e a r ly  to  • d e fin e '' th e  mechanism by- which =.
su b s ti tu t io n  re ac tio n s  proceed* ■" ■
• ’"'At f i r s t  such t h e o r i e s r as th o se  ■ s u m a r is e d  in  
th e  f i r s t  sec tio n  o f  th i s - 't h e s i s  * d id  not prove o f g r e a t  
value because th e i r  a u th o rs  were unable to  s ta te ' p r e c is e ly  
what - th ey  meant by ’ re s id u a l v a le n c y ’ o r how th e  
form ation o f in term ediate  compounds' could occur. . T h is  
was'"due to  th e i r  lack  o f  a  fundam ental, knowledge o f  th e  
n a tu re  of valency; and th e  e x p la n a tio n  • and' i n t e r p r e t a t i o n  
o f  th e  Walden inversion  hud to  aw a it Jhe growth o f  a
soimd theory o f valency# - 
•  ^ low , as a r e s u l t  o f th e  ' l a s t  twenty y e a rs  o f
re sea rch  in to  atomic c o n s ti tu tio n , we have an E lec tro n ic  
Theory of Talency, which, developed by Kossel ( 1 9 1 6 ) ,  
lew is  ( 1 9 1 6 )  t  Thomson' (1983')' ,  Sidgwick ( 1 9 2 ? )  end o th e r s ,  
has c la r i f ie d  our ideas concerning the  na tu re  o f r e s id u a l  
v a le n c ie s  and th e  mode o f  • fo rm a tio n  o f in term ediate  
compounds. '
f i l l s  iMmrf mDy.be summarised th u s  f** .■. ■ , ■.' ■;/ . ■ -
1}.. A n- atom consist®, of,a . eoeitiv® nucleus »•• turret; I'ing 
w hich i s  ,a mtraWr o f  e l e c t  v.vnn<r ::in  n n f u r  o f  the i’O 
.electrons vis the im s e a tho sin Uo mu&or of the element* 
5} The.eleoitma*- u n its ,o f  negative e lec tric ity #  nr© . : :- 
iOTemged in ehells# thosso ,in tits, outerxsosst .fihell movers 
.the yrlency of tho atom*
3} f m  i n e r t  g-'ccn cossese#  in  t ! v . l r  o i i l e r i ^ s t  s h e l l*  a  
cV .b lo  s r r r r  ^croat. o f  e le c tro n s *  • ,.w!aic4i o th e r ;  e lem en ts ■ 
ceci, to  m n r t r e  by th e  g t i  ©r 'Xosa .of. electron© # • Thoae 
•.atom r? to ll g e i s  an e le c t r o n  a c q u ire  a  n e g a tiv e  rge# 
sM  th o se  which lo s s  an  e le c t ro n  as ^clrcs a  p o s i t iv e  
char so* v  ^ :: ,:; a;- ’ -
4 )  7 » o  e l e c t r o n s  m a y  b @  s h a r e d ,  b e t w e e n  t ^ & t e m e #  b e i n g  
■■present in - th e  - o r b i t s  o f  both* :-. ■■
a , . - a -  - , T hese . p o s t u l a t e s  le a d - to  th e  r e e s ^ s .  i t  i o n  o f  
t h r e e ;ty p e s  o f  v*lensry.:*« ; e ..,■ :-
I )  r i .IIi,.,uo .i.:l , ,  ' * rf n  u  hj th e  m ie n  o i  to  U rn. m l  . 
c h lo r in e  in  so3lu-n c h lo r i te *  -. f h a  'n e u t r a l  eoilm n atom 
3 ,8g5S0 0a© e le c t ro n  o u t  *» * i t s -  s ta b le , g roup ing  ( o i ^ t
i^ve
e le c tro n s )#  , T h is  i t  e s a i to  t h e 'n o u t r ' 1 c h lo r in e  atom* 
which.-posa0a s 0s ..©even , e le e t r> n s  .i n  i t s  o u t e r a s e t  s h e l l# ;  
T h is  t r a n s f e r e n c e  o f  ..a u n i t  o f  n e g a tiv e  e l e c t r i c i t y
c a u se s  the-, so d lu i i  to./become p o s i t iv e ly  .charged ;.aai^ .the■■:
c h lo r in e  tie :: tiv e X j oh-rped* ...The. * o to s s  a r e . th e n  h e ld
to g o t l ia r  by • e l e c t r o s t a t i c  a t t r a c t io n #  i#e«  tn cy  do 'n o t  ■
occupy m y ' f ix e d  r e l a t i v e  p o s i t io n  in  c ; ; c : *  ' : ‘ ' /V '*'
'"'! :1 a : * c i: ^  :!!a ‘. : d i :  ; ‘
# • # • # # • #
& nm trz0/ carbon atoiss* possessing four"1 
■ e l e c t r o n s  i n ' i t s  m r f c e r a o s t  r ' t o l l . #  m a y  & e  q u i r e  &  c o n f l a t e  
.o c te t  by the m t a a l  dxoring:Qf tm  'electrons with other 
nmriTDl atoma*' ' '' ' ; ; -
t o r  c z r v r a c  . i n  n z V - x p l -  d h l a r t & e  ( i )  t h e  c a r b o n  a t o m  i s  •’ 
J o i n e d  t o  f o u r  e t h e r  r t o n o  b y  b o n & a  W h i c h  w i l l  o c c u p y  a  
f i x e d  s p a t i a l  p o s i t i o n  m l  M i d i  Will: a c t  r e a d i l y  b e "  ■ 
f c x o & s s a #
,a,- : :  .: .■ | | . . -. :.■• :■ :■ , ' ..:
•* H S J f a  , ,■ 1 H*C *Clm 11 '-v ;o$Ok
#• n i l  • • '  S
II
W  l a  the f  * “1 1 . a d i r e c te d  valency lo a d  o f  o rg a n ic  '
t .  ' ■’ ' 0 ■ " v '
I f  the o c t e t  i s  eo m ele io l b j tho nnicm  o f  im  c a r t e l '  ' 
a toao#  c.'.m  X r l _ * two a to m  c t t  ' l a c e 9 th e n 'th e
two carbon atom each I s is  'foTtr eV >; 1  n r  in com m *: 
M s  i s  a  ^ o rd in a ry  dorX ia bond o * ’ I V  co v a lem y  ( I I ]  
3) rrtn.-.f,1- MflT T * t i l  * && aton'.which Ms clready
ac-ru ircd  a  com rlet©  o c t e t  by u n io n  w ith  o t ! i e r "' g roups may 
i f  i t  p o s s e s s e s  m s h o r e d  • electrons t e l : ©  part 'in cm tlier 
l;ioi of linSrogc.whereby i t  elicrea two electrons with yet 
8tei3f which lo o s  n o t i t s e l f  t e i a p  m y  e le c tro n ® '
t o  t h e  X i h & a g e #  ' . S h i s  i s  t h e  s e m i ^ g o l a r  d o u b l e  h a n d  c m d  
i s  e g m l r r s l m i  to  a  ©o^valcnc^ a n l  m i  
s i m s e  t ! i ©  r e c e i p t  o f  a  h a l f  £ i r : r v  a n  t w o  e l e c t r s n s  i s  
© q u i r s l e s i i  t o  t l i -3  d o n a t i o n  o f  o n ©  e l e c t s m  m i  t h i s  ' i s  
e q u iw le s it .  to  , , a - i a i a f  a  m a l t  ix  t t i r o  th  e* ej vMll® t i le  
l o s s  o f  a  h a l f  © i i a r e  i n  t o o  e l c m t i n n r  1 ©  e  m i x a l s n t '  t o  
g a i n i n g  a  i s i . i t  p o o  i t  i r e  c h a r g e *  $ i r a s  th e  m o r n  o f
an al&yl siiXphtaa cm chtsm .two o f list vacant electrons 
w ith  en  atom •:
fceen.sbj * hf the resolution of j i^elu, nr 1 liinia c e t e r a  
( f h i X l l p s *  £ t £ * S # f '  1 9 E 5 f  2 2 2 *  & S & 2 )  c m d  © f  t m ^ m s t r i e s l
snl m ile s  {IlarrIsoiif lesfern m i fliH lipSf £#£*|Us 1-013 f 
& 0 ? 9 ) i  w h i c h ;  o n  t h e  o l d e r ,  t h e o r i e s  o f  v a l e n c y  . d i d ‘ n o t  ■
phenomenon. els was originally supposed# - since'-there arc 
t h r e e  • c o n d i t i o n s  * o r  l t  a t  o a  * i n  w h i c h  t h e  - . © s r t r a d e d  a t o m  
o r  g r a n ©  c m  l e a v e  a n  a t o m  i a  t h o  . .
m l e e a l e #  - O o n s i d o r  t h e  c a s n g l o  o f  a  i m X e e n l e C i  V T # f r o m
+  0 :  ■.-* E ? 8 5 0# ♦ • •
ft w & &* «¥ 4* 4 «»• **?•&»** *r» 4*/**«>*
S h a t t h i s  b o n d  c a n  hear© a  r e a l  © m i s t e a e o  L r a
a p p e a r  t o  p o s s e s s  s i  a p s x M o  . s t r u c t u r e #  -
..,- . • • • © ” •,.• S u b s t i t u t i o n #  . t h e r e f o r e  i s -  n o t  e r a c h  a  s i m p l e
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which th© group X is  to' -bo’d isp laced*
->
Here we see th a t  when th e  group
:x v  ,... (a)
. .  +
x :  (t>)
# "K* # Co)
d i s p l a c e d  t h e  e a i l o i i u m  r a d i c l e  m a y  b e ’ l e f t  a s  8 - '
(  a )  a p o s i t i T e l y  charged kstion*' t h e  o u t g o i a g : g r o u p  
h s x i m g  xemcrred both e l e c t r o n s  o f  the valency  b o n d *
(b) a negatively charged 8Hioat the ctafhm atom re ta in ing  
both  o f  th e  e le c tr o n s  o f  the Talenc^ bond#
C o )  a  n e u t r a l  g r o u p *  t h e  c a r b o n "  a t o m  c m !  t h e  o u t g o i n g  ■ 
g r o u p  e a c h ,  r e t  a i m i n g  o n ®  e l e c t r o n # '
Which o f  th e se  courses i s  pursued w ill depend, 
on (1 ) th e  nature o f  th e  reactants*  (2 ) th e  nature o f  th e  
g r o u p s  already to  t h e  carbon a t o m  and "(3) t h e
co n d itio n s  under io h  th e  change occurs#
Consider the  replacem ent o f  th e  hydroxyl group 
o f  m  a lco h o l by bromine * u sin g  hy&robxomtc acid# i :fx®B 
a study o f  th e  re ac tio n s  o f  l^drobroxalc' a c id  i t  c a n  bo 
rep resen ted  %  th e  form ula H*Br* I t  seems probable* "
, : .■ . 8 i
th e r e f o r e ,  ...that in  i t s  r e a c t io n s ,  w ith  o rg a n ic  compound© 
th e  bromine w i l l  «s.he:. p a r t  ..as a  bromine . an io n , p o sse ss in g  
a  com plete o c te t  o f  e l e c t r o n s .  I t  i s  im p o ssib le  f o r  th e  
■bromine to  add on. b e fo re  r th e  hydroxy l snioii...leaves t h e . ... 
c a rb o n  atom, s in c e  t h i s  ..would in v o lv e = th e  ..presence .-.of' more 
th a n .e ig h t  e l e c t r o n s . a t ta c h e d , to  ,. th e  ...carbon atom ,.w h ich  i s ,  
■for t h i s  e lem en t, .the .maximum number o f . e le c t ro n s  t h a t  ,.. 
can  f i t  in to . i t s .  o u te r  . shell* . She h y d ro sy l group must , 
th e r e fo r e  .leave  th e  ..carbon atom ta x in g  w ith  ; i t  b o th  
e l e c t r o n s , o f . th e  v a len cy  ■ bond * . We a r e , . th e r e fo r e , fo rc e d  / 
to  th e  co n c lu s io n  t h a t , however . m om entarily  t in  such ,. 
r e a c t io n s  . th e re  must., e x i s t  a  oarbonium  N atio n *  .,
f r e q u e n t ly  athe h a lo g en  atom is . in tro d u ced , in to  . 
th e  m olecule by means o f  compounds, such .as th e . h a l id e s  
o f  ..phosphorus and th io n y l - c h lo r id e ,  i n  w h ic h .i t  i s  ... 
c o v a le n t ly . 1 in b e d , and so th e  above scheme i s ,. p e rh ap s , 
n o t t r u e ,  s in c e  t h i s  ty p e  o f  h a lo g e n a tin g  ; agent may n o t 
g iv e  r i s e  to  ions*  The c h lo r id e  may h e re  a r i s e  .a s  a  . 
r e s u l t  o f  th e  fo rm a tio n  and .subsequen t decom position  o f  ... 
such  in te rm e d ia te  com plexes as . ;.
- . . CoBL,0#PGlv - • O.H *0*S0.C1  ^ '& o g g 5
In  th e s e  in te rm e d ia te  com pounds.the .c h lo r in e . a to m ,is  s t i l l  
c o v a le n tly  l in k e d  andso does n o t g i v e .any . in d ic a t io n  a s  to- 
t h e . c o u r s e ,o f  the . r e a c t io n  from th e  e l e c t r o n ic  s ta n d p o in t * 
One p o in t h a s ,  how ever, emerged c l e a r ly  and t h a t
BZ
i s  t h a t  d u rin g  a s u b s t i tu t i o n  r e a c t io n  in v o lv in g  an 
in v e rs io n  the asymmetric carbon atom m ust, a t  one point 
i n  th e  r e a c t io n ,  e x i s t  w ith  o n ly  th r e e  groups a tta c h e d  to  
i t *
In  th e  examples g iv en  above th e . groups a tta c h e d  
to  th e  carbon  atom had l i t t l e  o r  no in f lu e n c e  in  th e  g a in  
or l o s s  o f  electrons^ . I f  , however,, one "of th e s e  groups 
p o s se sse s  s tro n g  p o la r i t y ,  such as a ca rb o x y l group or a . 
pheny l g ro u p , .then  t h i s  will, have th e  e f f e c t  o f  keep ing  
th e  bonding e le c t ro n s  more u n d er th e  c o n tro l  o f  th e  carbon  
atom end l e s s  u n d er th e  influence o f  th e  group X* In such 
instances th e r e  i s  the p r o b a b i l i ty  t h a t  when the group X . 
leaves th e  .molecule th e  carbon  atom w i l l  keep th e 'b o n d in g  
e le c t ro n s  and th e n  th e  reaction w ill proceed by. mechanism (b) 
. . t h e  presence .in th e  m olecule o f  such a group, as 
the amino group (~1R>) w i l l  have th e  o p p o s ite  e f f e c t  to  
t h a t  o f  th e  phenyl g roup , as  i t  i s  e le c t ro n  r e p e l l in g , .
.and w ill th e r e fo r e  te n d  to  make the r e a c t io n ,  proceed by., 
mechanism (a)* , fh e  p resen ce  o f  such e le c t ro n  a t t r a c t i n g  
o r  r e p e l l in g  groups ..attached to the carbon atom w ill g iv e  
r i s e .  to. an., e l e c t r o s t a t i c  doublet. w ithin th e  molecule*,
3?his. w i l l  a c t a long  ..the b o n d . jo in in g  th e  p o la r  group to 
th e  carbon  atom, in  such a way t h a t , i f  th e  s u b s t i tu e n t  
group be p h en y l, th e  n e g a tiv e  end o f  th e  dipole, w ill be . 
tow ards th e  carbon  atom , w h ile  i f  i t  be an amino group
th e  p o s it iv e ' end w il l  be tow ards the" carbon atom* 
4-
t lC..IL- fc> o |
' b
The th i r d  ty p e  o f  r e a c t io n  mechanism* where th e  
g roups s e p a ra te  as n e u t r a l  atom s, is" b ro u g h t about by 
changes which a re  p u re ly  th e rm al o r  photochem ical" i n  e f f e c t  
and w i l l  n o t o ccu r in  changes o f  th e  n a tu re  o f  th o se  u n d e r 
d isc u ss io n *  R e c e n tly , f o r  exam ple, Johnson and Evening 
have shown {J . Au er* Chen* S ee* , 1933, 5 4 , 3529) t h a t  a ' " 
g r e a t  range o f  o rg a n ic  compounds decompose in to  f r e e ' 
r a d ic l e s  ' a t  600* -  1,000° 0 * f u r th e r  th e re  i s  th e  
d i f f i c u l t y  o f  th e  s e p a ra t io n  o f  th e  v a len cy  e le c t ro n s  from  
one a n o th e r , in  t h i s  f a s h io n , by chem ical a g e n c ie s , s in c e  
most r e a c t io n s  re c e iv e  t h e i r  s im p le s t e x p la n a tio n  on th e  
assum ption  th a t  th e  r e a c ta n t s  s e p a r a te ' in to  p o s i t iv e  and 
n e g a tiv e  ions*  I t  i s  co n v e n ie n t, f o r ' exam ple, to  re g a rd  
th e  b ro m in a tio n  o f  o rg a n ic  m olecu les s s  be in g  due 'to  th e  
.s e p a ra tio n " o f  brom ine, on a c t iv a t io n ,  in to  io n s  
B r, —5 3 r + + 3r~
A gain  th e  r a d ic l e s  su g g ested  by t h i s  ty p e  o f  mechanism 
p o sse ss  odd numbers o f  e le c t ro n s ,  and such compounds a re  
r a r e l y  found*
The a v a i la b le  ev idence  h as  now to  be examined to  
see  i f  th e  assum ption  o f  th e  e x is te n c e ,  however t r a n s i e n t ,
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o f  earboiiiiim 'an ions o r  leaf io n s  in  th e  f r e e  s t a t e  i s  • ' '  : 
J u s t if le d e a n d  :a lso  : i f , w h ile  in  "such' a s ta te  #; -they can v - 
p re se rv e  t h e i r  asymmetry # -
That- rad ic les  of- th is  'type--c'sn e x i s t  i s  shown 
by th e  o ccu rren ce  of d e r iv a t iv e s  of trip h en y lm e thane# 
f u r t h e r  low ry  ( J *C »S #»1985 , 1 2 7 » 629) *- in  order-- to ' explain 
th e  .’anomalous -'rotatory d is p e r s io n  o f  feetonic b o d ie s , " 
assum es t h a t  th e  ^ 0 = 0  group on activation  .acquires an 
i n d i r e c t  asymmetry and becomes o p t i c a l l y  a c tiv e #  a- ■
^C-—0
and: P h i l l i p s  ( lo o #  o i t  #)'-'assumes th e  e x is te n c e  o f  th e
earbonium  feat io n , ' 0*ah&7 in  'a c tiv a te d  forms o f : e&rboxylie 
a c id s  and- eaters®  m•a---’:
—C\
Q
■OH
+
H— 0
E t
f o r  example th e - r o ta to r y ;  power of d -^ -o o ty l  a c e ta te  shows 
g r e a t  v a r ia t io n s  w ith  a l t e r a t i o n  in  th e  ex p e rim en ta l 
c o n d i t io n s ,  ■ w hich’ i t  i s  su g g ested  may be due to  th e  - '•
fo rm a tio n  o f  an a d d i t io n a l  c e n tre  o f  asymmetry ' i n -th e  
' aee to x y  r a d i c l e " ■■ : - /
.......................  CH.CUE * . • CE,  
X  /
:v- -  o$  c 
« *•p-VP . CH.. " : ";"
b
one c e n tre  of asymmetry
C.H;,. ' CE„ o MO /  o
0 ... 
— x*
V /
O xC
CH.
0
*• -
C *0
•X
ch3
two c e n tr e s  of asymmetry.
Under th e  in f lu en c e ', o f  th e  norm al asym m etric carbon atom
a l t e r in g  th e  ex p erim en ta l • c o n d itio n s  d i f f e r e n t  sao u n ts  
o f  th e  two a c t iv a te d  form s axe produced#
I f  t h i s  g roup ing  i s  a s ta b le  one th en  we should  
e x p e c t ; t o 'f i n d  o p t ic a l ly ,  a c tiv e ';  compounds which owed . th e i r  
a c t i v i t y  to  t h i s  conf ig o r  a t  io n , b u t no such .compounds a re  
know n.up .to  th e  p re sen t#  ... . ......
(Kenyon a i d . P h i l l i p s , 1 *0»S»*. 1930 , 1 6 7 6 ) t h a t  t h i s
’which th e  c e n t r a l  carbon atom e x i s t s  m om entarily  i n  t h i s  
form  w i l l ;  r e  su it.T in  d e r iv a t iv e s  : which .a re ;-a -m ix tu re  o f
u n le s s  some s p e c ia l  mechanism in te rv e n e s  t o , a l t e r  th e  cou rse
E x p erim en ta l co n firm a tio n  o f  t h i s  h y p o th esis-w as  o b ta in e d  
bv Kenyon and P h i l l i e s  (lo o *  c i t .) who • found th a t  o p t i c a l l y  
a c t iv e  pheny lm etiiy losxb iny l jD -to lu en esu lp h in a te  iso m e r ise s
n - to l y l  sulphone* I t  i s  suggested  t h a t  th e  a c t iv e  p h en y l-  
m e th y lc a rb in y l r a d ic l e  s e p a ra te s  as .a  k a t io n f’ b u t a s  th e r e
equa l .p ro p o rtio n s  o f  th e
H ie su g g e s tio n  h as  th e r e fo r e  = been pu t forw ard
group ing  h a s : a l a b i l e  s t r u c t u r e . so t h a t  th e  r e a c t io n s  in
eq u a l p ro p o r tio n s  o f  th e  two e n s r t io  morphs and a re  
th e r e f o r e  o p t i c a l l y  in a c t iv e ,
o f  th e  r e a c t io n  o r  to  p rev e n t t h e i r  ra e e m isa tio n
a t  o rd in a ry  te m p e ra tu re s  to  g iv e  in a c t iv e  © t-phery lethy l
a re  no io n s  a v a ila b le  f o r  adding on as soon as th e  ‘v 
oarbohium • 3cat io n s e p a ra te s  ra e e m isa tio n  o ccu rs  and is  
fo llo w ed  by u n io n  .with th e  s r lg h a r  -atom o f  th e  n - to lu e n e -  
su lph inoxy  ra d ic le *  ••••* ; V-
■%% ' c6 h ^  0  '
H-hp.o.|'.c?n,(, —* i i — q *  +  o— c7n7 —» h - c - ^ h j ^
GHj 0” ■ 0  CII ^  0  "
On th e  o th e r  hand th e  same au th o rs  found ( l o o * e i t «) th a t  
i f  ( -~) -^ -c h lo re th y lb e n s e n e  was re f lu x e d  w ith  sodiuia-j-- 
to lu e n e s u lp h in a te , in  a lco h o lic - '" so lu tio n  ? (^ ) ~o<~phenyl~ 
e th y l  n~*tolyl sulphohe was ob ta ined*  - ' : \
O^ih 0 0.--V tx,- Q
V I ° v T
H~C—C1 +• Ba.O—S—C?E? -— 9 H-—0 —sf-C^ Hy +• IfeCl
c n ' f  ■ "■•■■ cu^  o
( ~ )  ■'■■■- -  ■■■■■■■ : (+-)
I h e : o th e r  p roduct o f  t h i s  r e a c t io n  i s  sodium c h lo r id e  in  
w hich th e  c h lo r in e  atom appears a s ' an enion* More im p o rtan t 
s t i l l . i s  th e  f a c t  t h a t ' i n ' th is ' ' r e a c t io n  th e re  a re  
n - to lu e n e su lp h in o x y  a n io n s ' a lre a d y ' p re s e n t and available : 
f o r  co mb In  a t  io n  b e fo re  th e  c h lo r in e ' onion s p l i t s  o ff#
Under th e s e  c o n d i t io n s , th e  o p t i c a l l y  a c t iv e  su lphone is  
produced w ith  change o f  c o n f ig u ra t io n , a lth o u g h  i t  Is 
p ro b ab le  th a t  a carbonium  k a t io n  i s  formed d u rin g  th e  
c o u rse -o f  th e - r e a c t io n *
I n  r e a c t io n s  o f  th e  ty p e  where th e  asym m etric'-'
carbon -atom.- separates in the form of a •ecrbonium anient 
the ecrbcm atom has a eon let©  o c te t o f electrons end 
w s i l l  thsrsfoyO i^ossoss ' a stable straoturo*-- Optically 
active taoleeulois of this typo are b s m , such 0,0 the 
■ active salts of sol - (a im . cod Albrecht#
££Le> «2?»  JO . 139
s \ o  t l ^  .
■ G .Eg"' ■ v 0 1 a  :
rr i of sol**^ i^tio^oetan0 (fating and - Seiner# #» Anar#
£ll2 * SSst Sit gal by the resolution of
i^cnylcymonltromothrno by mam of hrueiae {Kills and
C o le , ?12 M  £lSi222* 1532, 4 1 ) ,
C,HX .  + M
. «  J  > 0  &TC - +  ■ ■ -
G T  . n 0H ,
Such re tic le s  a re  there fore su ffic ie n tly  stab le  ‘to- e x is t’ 
free and to tate part in subs Citation 2 0  ctiosis fson 
slich op* to lly active derlv* time ariec*. further sine© the 
the carboaiua anion has a con fait octet Of electrons it 
can only combine with a positively  charged atom o r group#
which possesses m  ires Xo*e octet* It would seen 
probable therefore that in mMk chan3 0 0 *hQ derivatives 
would havo the c;ma structure as the parent body#. i*o* 
they would be forrtei without inversion of confirmation* 
fho occurrence of such a otaig® is suggested to occur 
during the action o f  thionyl chloride on ethyl
COS«*0
^ p h e ig f l  prop donate  .whereby th e re  i s  formed e th y l a
ch lo ro  ^~phenyl p ro p io n a te*  .
•; .• I t  i s  i n t e r e s t i n g  to  n o t ic e  t h a t  su lp h u r compounds
o f  a  s im il a r  ty p e , eoxit a in in g  , th e  s u l  phonium. k a t  ion  ab d ,
have. been i s o l a t e d  - i n  an o p t i c a l l y  a c t  i r e  c o n d itio n  .. ’+  +
■Ito *S  *CUELy ■■ -CH« ^sVo^H.COoH- 'xx * ( - . o ^  b. 4 *
Cf" /  w ..p.-. O’*
e th y l  jw to lu e n e s u l p h in a te  - ■>, m -carboryphenylm etliyl
. su lphoxide*
I n  th e  sulphoxiium k a t io n  end th e  carbonium  an ion  th e  
c e n t r a l  atoms p o sse ss  com plete o c t e t s  o f  e le c t ro n s ,  th u s  
e x p la in in g ; t h e i r  s t a b i l i t y ,  as compared w ith  th e  carbonium  
k  a t io n  in  which th e  ca rb o n 'a to m  p o sse sse s  o n ly  s ix  
e le c tro n s*  ■
Prom th e s e  I n v e s t ig a t io n s ’we are  le d  to  th e  
c o n c lu s io n  th a t  th e re  i n  on ly  one ty p e  o f  r e a c t io n  
mechanism which i s  l i k e l y  to  g iy e  r i s e  to  'in v e rs io n  o f  
c o n f ig u ra t io n  and th a t  i s  th e  one in  n ic h  th e  carbonium  
r a d ic l e  s e p a ra te s  as a  k a t io ru
. We have seen th a t  th e  carbonium  k a t io n  p o sse sse s
a  l a b i l e  c o n f ig u ra t io n  and t h a t  in v e r s io n  w i l l  ta k e  p la c e
-during  th e  co u rse  o f  a  s u b s t i tu t i o n  r e a c t io n  when' th e  
e n te r in g  group i s  a t t r a c te d  to  th e  o p p o s ite  s id e  o f  th e  
m olecu le  to  th a t  to  which, th e  o u tg o in g  group i s  a t ta c h e d , 
fh e  e x te n t to  w hich t h i s  w i l l  o ccu r i s  p ro b ab ly  dependent 
on th e  d i r e c t io n  o f  th e  d ip o le  i n  th e  m olecule*
C o n sid e r, f o r  exam ple, th e  a c t io n  o f  hydrobrom ie 
a c id  on m ethyl 'a lcoho l*  H ere th e  th r e e  c o v a le n c ie s , 
jo in in g  th e  hydrogen atoms ;to  th e  carbon atom, a re  a l l  
eq u a l |  h u t d iffe r-.'fro m  t h a t  jo in in g  th e  oxygen to  th e  
carbon* We know a lso  t h a t  th e  h y d ro sy I group can a t t r a c t  
an e le c t ro n  • and have a s ta b le  e x is te n c e  as 0H~* fixe 
v a len c y  e lec tro lisp  o f  th e  carbon  oxygen lin k a g e  can 
th e r e fo r e  b e 'lo o k e d  on  a s  u nder the: in f lu e n c e  o f . th e  , 
oxygen atom* •
2*B r " ' '
' H " 1 ■" ■.
When th e  hydrobrom ie a c id ,  w hich io n is e s  as shown, approaches 
th e  m olecule th e  hydrogen k a t  io n  w i l l  be a t t r a c te d  to  th e  
s id e  o f  th e  m olecule o f  th e  hyd roxy l group , w h ile  th e  
brom ine an io n  w i l l  be a t t r a c te d  to  th e  o p p o s ite  s id e  o f  
th e  m olecule* so th a t  when th e  hyd roxy l group le a v e s  th e  
m olecule s u b s t i t u t i o n  may be supposed to  ta k e  p la c e  by th e  
fo llo w in g  scheme
The m ethyl to o  mid e , h a s , th e r e f o r e ,  "been formed w ith , 
in v e r s io n  .of.- co n figu ra tion* . • I f  however th e  "bromine atom 
f a i l s  to  lin k : up. w ith  th e  c a rb o n . atom, a t  th e  moment t h a t  
th e  hydrogen , i s  added . to  th e  hyd roxy l group then.-- 
r  ac amis a t  io n  w i l l  occur#-.;: < ■- v / 'a ,
fh e se .v iew s , a re  n o t - new,... as' they , a rc  s u b s t a n t i a l ly  
th e  same ..as. th o se  pu t --forward, by, G-adamer end M eisenkeim erf 
t h e . main d if fe re n c e ; i s  t h a t , th e  e le c t ro n ic  th e o ry  o f  
v a len c y  e n a b le s .u s  to  g iv e  a...clearer.-; sad more co n c ise  
view  o f  th e  xm derly ing  p r in c ip le s  o f  . su b s titu tio n * .
.An exam ination  o f  th e  p ro b ab le  e le c t ro n ic  
s t r u c tu r e  o f  th e  d ~ su lp h in a te  m olecu le a f fo rd s  an,
■ ex p lan a tio n , of. th e  , r e s u l t s  given, in  t h e . second s e c t io n  o f  
t h i s  th e s is #  P h i l l i p s  ( loo*.- c l t #) by h i s  d isc o v e ry  o f  u&tTve 
n - a lh y l  p - to lu e n e s u lp h in a te s  h as  - shown th a t  th e  . bond 
betw een th e  oxygen atom .and. th e  .-sulphur atom i s  a  sem i- 
p o la r  double bond.,-, and., th is ,  co n c lu s io n  h a s  been confirm ed 
by the. measurement o f  th e  .-paraehor o f  t h i s  e s t e r  * ,
rI'he s t r u c tu r e  o f  th e  d - s u lp h in a te  may th e re fo r e  
b e -w ritte n ..
Ii O ' .
V 1— ?— <
- GH„CO„Et .
and t h i s  would g iv e  r i s e  t o ;a  d ip o le  w ith in , th e  m o lecu le , , 
i n  accordance . w ith  - th e  fo llo w in g  scheme
In  the p resen ce  o f  io n s t e#g\ from  aqueous s o lu t io n s  of 
th e  h a lo g e n s , hypo ch lo ro u s  ac id  or n i t r o u s  ao id  t h i s  w ill 
l e a d  to  a c o n c e n tra t io n  of an ions on th e  s id e 'o f th e  
m olecule rem ote from  th e  jp -to lu en esu lp h in o x y  ra d ic le *
Thus when th e  ^ d to lu e n e su lp h in o sy  group s p l i t s  o f f  to  form  
a n e u t r a l  m o le d !  e th e s e  io n s  w i l l  he in  a  fa v o u ra b le  
p o s i t io n  to  u n i te  w ith  th e  carbonium  k a tio n  w ith  in v e rs io n  
o f . c o n f ig u r a t io n »
In most ca ses  th e  reactions o f  th e  d**sulphlnatemM
diet n o t proceed  sm oothly , b e in g  accompanied by much 
racemisationi t h i s  may have been - due to. th e  p resen ce  of 
th e  phenyl g roup , d i r e c t l y  a tta c h e d  to  th e  asymmetric 
carbon atom* f h i s  may*, have had th e  effect o f  weakening 
th e  d ip o le  s in c e  i t  would fend  to produce one o p p o s ite  to 
t h a t  due to  th e  p - to lu e n e s u lp h in o s y  ra d ic le *
F u r th e r  th e  l a b i l e  carbonium  k a t io n s ,  u n le s s  c lo s e ly  
a tte n d e d  by a n io n s , w i l l  be ex trem ely  l i k e l y  to  change 
in to  an e q u ilib r iu m  m ix tu re  o f  th e  d -and  1 -fo rm s, end th u s  
g iv e  r i s e  to  an in a c t iv e  product when com bination  occurs#
'.'ftiis by p a th o s!*  f in d s  curorts-from  the woor ""' 
y ie ld s  of the  ^inducts obir inod in  the various ro. ctions 
described in  the previous eoctioas o f th is  th e s is ’ m l
sim ilar reactions of j^ iherylm etliilcaib iayl g^tolue&o-* 
sulphinate decerihcl by Haase a in i  f k i l l i r s  t lof* c lt* ) *
fhs oxidation o f ' the to the
d^sulrdm ata, which tik e s  rX*ec by tiio Coition o f wii
oxygen s to s 'to  the salplmr atom o f the g^toluoaoeulphinosy 
ra d ic le ,' an the electron ic  view, i ,/uld bo ehown by 
"""'■'■'■';I T ; v .'-CT- II , 0~
| +)CX ( +  X*4"
C 4 - — C— f l ' f  5  f  C I +  0   >  C,.H—  C - 0 * S  .?C■ -  ^ | .... » f- 6 a
cs^eo Et I o
' ■ ■ ■ ■ & . . * # .
c h * c o , j , f*■to w
f h i s  additional r o s l i i v a  ch a rg e  oh th e  uul.Ixx. atom would
hsvo'-tho e ffec t o f ctrongtkenhig ;. the dipole ia  tl"ness
molecule, bon; on, I u itli the d~sul;kinatOf which again '
world t  - oar the coalitions neceascry fo r rose Situs to 
take :place with linrerslon of <^n£iguratioa# by Xc* iiag  to  
a concentration of tiio entering anion on' the h ide of the
molecule remote from ike g^XoXuenoeulrlrxxo:^ group, ' in  the 
meimer te n ta tiv e ly  put .fo r  wi ’ .to explain the experimental 
re su lts  described' la  sections two cad th ree o f th is  thesis* 
file a e views arc in  agreosaeat with the 
experimental re su lts  of rrny investigato rs who., have used 
derivatives of second'ry alcohols§ ©*g# o f j|~yl«oc$CT5l ’.
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( P h i l l i p s ,  loc*  c i t * j  P ic k a rd  and JCsnycm, B er* , 1912', 4 5 , 
1592) | o f  l —plieny lm etliy lcarb irio l (H oussa and P h i l l ip s . ,  
loo# c i t » i  Kenyon, P h i l l i p s  and Taylor, loo* e i t * i  
MoKsnsis and Clough, J .G .S . ,  1313, 103, 6 8 7 ) , From th e  
r e s u l t s '  o f  th e s e  in v e s t  ig a to  r s  i t .  can' "be concluded t h a t  
when th e  e n te r in g  groups a re  p re se n t from  th e  b eg in n in g  
o f  th e  r e a c t io n  as an an ion  and th e  d ip o le  i s  i n  th e  
d i r e c t io n  shown th e n  r e a c t io n  w i l l  o ccu r w ith  in v e rs io n  
o f  c o n f ig u ra t io n , a lthough , i t  may, he accompanied by some 
race m i'sa tio n
<* ■*" TU\.  ...b~C X
tr  , ;
T h is  g e n e r a l i s a t io n  does n o t ,  how ever, h o ld  
good i f  one o f  th e  groups a tta c h e d  to  th e  asym m etric 
ca rb o n  atom -is si ca rb o x y l group.. In  t h i s  ca se  th e  s ig n  o f  
r o ta to r y  power o f  a  hydroxy-compound o b ta in e d  by th e  
h y d ro ly s is  o f  a  h a l id e  depends on th e  n a tu re  o f  th e  
h y d ro ly t ic  agen t employed*
. F o r example th e  h y d ro ly s is  o f  d-bromo s u c c in ic  
' a c i d ■ by means' o f  s i l v e r  ox ide  and po tassium  hydrox ide g iv e s  
r i s e  to  th e  o p p o s ite  m a lic  a c id s .
009H I
COolI 
-OH d-maLic ac id
Hq00oH
. , H-CHBr
I
GH^C0oH -•■■ 
'd -b ro 'tscsucc in ic  ac id
COI 2
HO-C—H
l
i- m a l ie  aoic
■CH.- 00.,, H a 2
T h is  d if f e r e n c e  in  b eh av io u r m ay'he due-.to-'the p resen ce  
o f  th e  • ca rb o x y l group w hich w i l l  io n is e  and th e re fo re ;, 
g iv e  r i s e  to  - i n t e r f e r in g  an ions..'-
0- 0=0 : 
H-C-Br
HO
Chi
0-0=0 . i
I t  i s  p o s s ib le  a lso  t h a t  th e  hydrogen  i o n s ‘ produced by th e  
io n i s a t io n  o f  th e  ca rb o x y l group can tak e  p a r t  in  th e  
r e a c t io n  i
-  I
€0, H
^Br -f H
Hi2
■ 00. Jlj &
73— * 9 — 9
0 = C — Cl
HB:
GH
Eolm berg h as  shorn  ( loo* c i t  * | A rk *- gem# Min. ■ O-eol. g 1916, 
6 , 1 }  8 r  i b i d . i, 19.1? j  "6 ? .17). . t h a t  a  m&Lolactone i s  formed
d u rin g , th e  h y d ro ly s is  o f  bro mo s u c c in ic  a c id ,  and th a t  t h i s  
la c to n e  w i l l  decompose to  g iv e  e i t h e r  th e  d~or 1 -m a lic  
a c id s  acco rd in g  to  th e  a l k a l i n i t y  o f  th e  -so lu tio n *
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t
CO:
IIIO~C-H -1-ffia.lie sold.
I
^  ' ’ CO. ,11 CH.iCOilin r  v“ i6! *
■■ |"-ni*'"‘"""3l ' 0 -0
I I LCH., C0:?3 . 0=5-011,,45i. A# '
C~ *» o m  S u cc in ic  - iH o e lo la o to n e  r** A m a lie  aeidU
~~  c M i ' ‘ ' ^
^CD,H <* «# -
' ..; .. ■ ■ , When*. ■ th e re fo re * :.- s i l v e r  o x id e  i s  used  a s  - th e  -
h y d r o ly t ic  agen t iv^-.inversi*>n 3reroU.Oi33. ooow * il ie re a s  
when i^tas^io.mgxycti’o x id e  is ,u s e d  o n ly  one in v e rs io n , r e a c t io n
OOCUTS , ,,.   ,, , \ r ,  -j _-= ;■ v. -■
... „  : f l i t s  • io e s i l ) I f  ezpXaiiiB. tlio  d i f f e r e n c e s  In
b eh av io u r betw een v a rio u s-  h y d ro n y -ae id a  described , by 
F is c h e r  ,(|uq|u $ .1005, , 171$ .I f F u* iOOS# j i b  2921}f .
w hich hsars been  m oatlone&■above#. - ■
S ince* how ever, th e ,b y d 2^ g e n ; ln  J lie  ca rb o x y l On 
g r o u p , o f  e t b , y l . ^ * « y 5 - I i y d r o ^ . / ^ - x > h e 2 i y X p 2 r o p i o x i a t e  h a s  been  
rep la ce d , by th e  n e u t r a l  e th y l  grotxxn,the- p o s s ib i l i ty ,  o f ,  
t h i s  group: Gif fe e  t in g  H ie- .r e a c t io n s  o f . e th y l  l ^ b y d r o i y  
/^ p h e n y lp ro  piorurt e e sn  • b e , m eg lec ted  * f h e  h aX o ^ m stio n  o f  
t h i s  e s t e r  by menus o f : a  ha lo g en  a c id  sh o u ld ; l e a d # 
th e re fo re *  to  '.he ,.o3uetion  o f . a..lielo j o i - e s t e r  w ith  
in v e rs io n ; o f  oon T iger tlo n *  :
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d~hydro xy~e s t  e r  # . ' l-B rom o^est e r  *
In  th e  r e a c t io n s  Betw een t h i s  hydroxy- e s te r
and th e  H a lid e s  of. phosphorus th e re  i s  th is ,, d i f f e r e n c e ,
from  th e  r e a c t io n  p o s tu la te d  w ith  ‘th e  h a lo g en  a c id s ,  t h a t
th e  e n te r in g  c h lo r in e  atom i s  c o v a le n tly  l in k e d  to  .th e
phosphorus atom in s te a d  o f  Being p re s e n t as an anion*
I t  h as  been suggested  ; th a t  th e  r e a c t io n  ta k e s
p la ce  by th e  fo rm a tio n  o f  an .u n s ta b le  in te rm e d ia te  .
com plex, as f o r  example, in  th e  a c t io n  o f  phosphorus
p en t achlo r id e  on d~phenylme th y lc a rh in o  1 (H oussa and
P h i l l i p s ^ loc*  c i t » ) .
0,1L " ' ChIL ; CLH.|u  o L  0 m  ■ p  o
H-C-OH PCI- H-C-0-P^01 — C1~C~H -4* P0C1„
| ' > I N j l  | o
ch3 c r  cn3 ch3
d~pheny im ethy lcexb too l ... 1 -oc-ch lo re thy lben isene*
and on m ethyl d -^ h y d ro x y  c^phenylpropionufca (MeXenaie 
snd Clough; Jj.Cj.JL; 1910, £ 7 5 2564),.
f o h  ?6H5 C *
ch3~T.r* . ^  '  w*_r v“ 3 ' J-.ywj-3
1° 0 T  +  JCI | 6 3
.-C-OH £C1,. C S ,-C -0-I^C l .- n - *  Cl-C-CK, +  .TOCl, 
’ I   a-V u I \3 1  I
CO ,Ee Cl" . CO..,Me ~ C
m ethyl d-oc-hydrosy-^ m ethyl 1 - of*chlor o -
c^pheny l p ro p io n a te  c^phenyl pro p ion  a t  e
9?
Xu .'these r e a c t io n s  th e  r e t i r i n g  group becomes 
.p o s it iv e  in . c h a ra c te r  w hich w i l l  f a c i l i t a t e  th e  fo rm a tio n  
o f  a  carbonitim  h a t  io n  when th e  in te rm e d ia te  complex 
decomposes*
In  a s im ila r  manner th e  r e a c t io n s  o f  e th y l d -  
/$~hyclroxy y&~pheryXpropionate w ith  th e  h a l id e s  o f  
.pho8pho:.ru.$may he p o s tu la te d  as ta k in g  p la ce  t h r o n g  th e  
fo llo w in g  in te rm e d ia te  com plexes which decompose as shown* 
w ith  .phosphoru s  p e a t achlq r i d e *
; ' - PCl_ ■ ■ + '  01 :
H-C-OH ----» H-C— 0— P-^ -Cl •— .0 ? C1-C~H
CHpCO ,S t  Cl~ CHgCOgEt " CBgCOgEt
d - h y d r o i^ e s t e r ,  • l~ c h lo ro ~ e s t© r,
w ith  p h q sp h o ras^ tr i c h l o r i d e »
1  : \  fch ’ - C1
E-C-OH PCI.. H-e— 0—P h vI : "--------: ’ ■ ■. :. N 01
, CHgCOgEt CHgCO.jBt
d-hydro x y -e s t  era ■ -l~chloro~  e s te r#
In. th e  re a c tio n , w ith  phosphorus t r i c h l o r i d e ’ i t "  " 
w i l l  he seen  th a t  in  the*. in te rm e d ia te  com pound,the 
r e t i r in g :  group i s  r o t  p rep o n d e ran tly  p o s i t iv e  i n ;  
c h a ra c te r ., and t h a t  th e  -'entering group i s  s t i l l  c o v a le n tly  
l in k e d  to  th e  phosphorus* A ccording to  th e  v iew s o f  
Kenyon end P h i l l i p s  (I r e n s * P a r  ad ey She* * 1930, 2 6 , 451) 
th e  e n te r in g  group h as to  e x i s t  a s  an an ion  and , th e r e f o r e ,
o o
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be capab le  o f  ta k in g  up a : p o s i t io n  'fa v o u ra b le  f o r  in v e rs io n
“b e fo re  -the r e t i r i n g  g ro u p 'le a v e s  th e -asy m m etric  carbon  ’
atom , t h a t  th e s e  tw o •c o n d itio n s  e x e -n o t ' f u l f i l l e d •i s
p rob ab ly  th e  e x p la n a tio n  - o f  t h e  ■: low r o ta to r y  power o f  th®
1 - c h lo r o - e s te r  o b ta in ed  by t h i s  method*
\ '■ In" an "analogous maimer th e  fo rm atio n  o f th e
j-b ro m o -e s te r  can be p o s tu la te d 1 as '-'proceeding by way o f  a
s im il a r  com plex, ■ ■ ■ ■ a  a  h . t - r - x ; ■ v  .
:1 When th e s e  :r e a c t io n s  were rep e a te d  in  -the . ' 1
p resen ce  o f  a : i  e r t  ia ry  • b ase  - th e re ' was o b ta in ed  in  a l l
experim en ts  a l a r g e r  y ie ld  o f  th e  p ro d u c ti which a lso  had
a .h ig h e r  r o ta to r y  power* T h is  con firm s th e  o b s e rv a tio n s
of" Kenyon* P h i l l i p s " a n d  B ay lo r ( l o o» c i t «)» T h is , i t  i s
su g g e s ted , i s  due id  "the 'fo rm ation  ,o f  a ■ py rid in ium
c h lo r id e  which w i l l  r e n d e r  the'' r e t i r i n g  group more p h
p o s i t iv e  in  c h a ra c te r  and w i l l  s e t  f r e e  an a d d i t io n a l
c h lo r in e  < an ion  * • ' • ■ • > •/ o f  t  wh" .a.;. . r  r-.,..:,.
w ith  g>ho shh.p.rus n e n ta c h lo r id e  * w ith  phd spllorus t r i c h l o r i d e
CbHs . . a a : '
| °  .01 
n - o —o— + / —~k ■ ■
c i~  | N s Y  >
CHo G0,sE t  \ -----*  ■ ■ : CH .C0.-iK1; \ — e4  & 4 ^
: 1 ■ "for these reasons '"the reac tio n s  are mors l ik e ly  
to teke p la c e b /i th  invers ion  o f  configuration  end also 
w ith  a .g rea te r  ’degree o f  completenessb ; ■ - a t  a . m .
U nlike  th e  I n te r a c t io n  o f ' th e  d~ hydroxy~ester 
ana th e  h a l id e s  *of*‘phosphorus, th e  r e a c t io n  between th e  & 
&~hy&2uxy~ester m d  th io n y l  "c h lo rid e  fo llo w s  a v ery  
d i f f e r e n t  p a th  in  th e  p resen ce  o f  py rid in e*
' * c l-c lilo ro -e s te r*
. . . . . . . . .
U -h y d ro ry -e s te r ' ;
^ ^ n ^ p ^ 'l - c l i lo ro - e s to r*
Ih e s e  r e a c t io n s  can he ex p la in ed  on th e  assum ption  t h a t  
-the q h lo ro s u lp h in a te , formed' a s  an in te rm e d ia te  complex
fv .. .  , , ..
in  th e s e  r e a c t io n s  * can decompose in  two ways*
*or.clh..; ■ICO 
0 —  0 — 8 0 — - 0 1 :
+  SO
• V 4-
o i:
How th e  second,m ethod o f  decom position  resem b les  th o se  ; 
s u b s t i tu t i o n  r e a c t io n s  which o ccu r w ith o u t change o f
a ,= ^
c o n f ig u r a t io n ,  s in c e  i t  g iv e s  r i s e  to  a earboninia an ion  
which i s  s ta b le  and capab le , o f  r e ta in in g  i t s  c o n f ig u ra t io n  
unchanged* i h i s  m ust, th e r e f o r e ,x b a .th e  way in  which th e  
c l i lo ro s u lp h in a te  no rm ally  'decomposes when th e re  i s  a 
phenyl group a tta c h e d  to  th e  asym m etric carbon  atom*
In  th e  p resen ce  o f  p y r id in e  th e  decom position  
o f  th e  c h lo ro s u lp h ih a te  w i l l  he f a c i l i t a t e d  owing to  th e
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formation .of im tmmt s&le- pyri&inium chloride*
0 1  ' '  ‘
3 &10 a - ;  +  +
H— 0 — 0— S 0 - 4 ? < b
in.,cotCl CEUCOoSt '
T& tills  intermediate complex the electron re ta in ing  • 
■capacity o f the sulplaiiiosy radicle" lias been sapiented by 
.it*  union with 'pyridine e n d  lienee the earbinyi group w i l l  
tend to separate a s " a csxboaira haticm*- Purfcber*'the 
enteria^ coloro**sroup i s  libera ted  as an anion end th is  
w i l l  f^ row  r e a c t i o n :  witli inversion*-
■ L  : Support f o r  t h e s e  a s s u m p t i o n s  i s  s u p p l i e d  by, 
the d e c o m p o s i t i o n  o f  l ^ p n m ^ l m e t l ^ l e a r b i n f l d i l o r c f o r B a t e  
( E o t i a s a  and Phillips*  loo# c it# j vfiieh*: i n  ifm a t o c e  of 
pyridinef decomposed t o  give Jr o^cM.o3ro-*ethyl'beasene| 
whereas in  the presence of pyridine i t  d e c o m p o s e d  to give 
^ o ^ c h lo ro -e th y lh o n ^ e n e  •
f . 3
f t  . ^ 7 % % ^
© O 'I .
H 5 CH.,if1 -  0SHS-C .-O ,5 t »<v \  —...g- »  C 1-C -0„IL
£1
. f h e s e  v i e w s  f i n d  f u r t h e r  s u p p o r t  from a  
consideration o f  t h e  p r o b a b l e  d i r e c t i o n  o f  the dipole
within 'the :solecule* In  th e '• sbscnoe o f pyridine the
dipole# d u e  to t h e  e l e c t r o n  a t t r a c t i n g  n a t u r e  © £  t im  
pheayl.group, w ill be,as . In .(1)? to  the presence of 
p y r i d i a e  i t  w i l l . b e  a s  i n  { I I )  *  . Becfompositlon^will t h e m  
take place - a s  outlined ^ i a  t h e  f o l l o w i n g  ■ scheme*''...
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The o ccu rren ce  o r  non -o ccu rren ce  o f  a W a ld e n in v e rs io n , 
during; th e  course  o f  a s u b s t i tu t i o n  r e a c t io n  i s  governed 
by .,.the. way in  which" th e  ca rb o n iu a  r a d ic le  s e p a ra te s  * I f  
i t ; s e p a ra te s  as a Ication, th en  in v e rs io n  o f  c o n f ig u ra tio n  
w i l l  occur* I f  however th e  e n te r in g  group becomes 
c o v a le n tly  l in k e d  to  th e  r a d ic le  to  be d isp la c e d  th en  
w hether in v e r s io n  ta k e s  p la c e  w i l l  depend on th e  
d i r e c t io n  o f  th e  d ip o le  w ith in  th e  m olecule* which ag a in  
i s  dependent on th e  p o la r i t y  o f  th e  groups a lre ad y  
a tta c h e d  ■ to  the . asym m etric carbon atom*
; The ex p e rim en ta l r e s u l t s  show th a t  e th y l 
hydroxy y^-pheny lp rop ionste  behaves in  th e  seme way a  a i t s  
p a re n t a c id  tow ards reag e n ts-w h ich  w i l l  r e p la c e  th e  
h yd roxy l group by h alogen  and confirm s th e  c o n c lu s io n s  o f  
o th e r  in v e s t ig a to r s  t h a t  !t h e ' (4*)- h a lo g e n -e s te r s  p o sse ss  
th e  same c o n f ig u ra tio n  as th e  ''d -(+ )-h y d ro x y ' a c id  and 
e s te r*  The. co n c lu s io n  th e n  fo llo w s th a t  th e  a c t io n  o f  
th e -  h a l id e s  o f  phosphorus and o f  th e  h a lo g en  a c id s  i s  
accompanied by in v e rs io n  o f c o n fig u ra tio n *  The in f lu e n c e  
o f  th e  phenyl g roup , - d i r e c t l y  a t ta c h e d  to  th e  carbon atom , 
i s  shown bygthe'' c o n s id e ra b le ; amount o f  ra c e m isa tio n  which 
o c c u r r e d 'in  " a ll  r e a c t io n s ,  and a lso  by th e  d irec t'-.' 
rep lacem en t r e a c t io n  w hich too k  p lao e  b e t ween th io n y l
c h lo r id e ,  .in th e  absence ox p y r id in e 5 end th e  hydro s y -  
e s te r*  - ■ ,.
I t  has been, shown th a t  th e  («fr) -a c e to x y -e s te r>  
t h e . (+ )-fo rrao x y .-e ste r end th e  ■ (+) ~etho xy~e s i  e r , a l l  
p o sse ss  th e  same c o n f ig u ra tio n  as  th e  d-W *~hy d ro x y ~ s s te r« 
A ll  th e s e  r e a c t io n s  were accompanied' by some racem isa tio n *  
The r e s u l t s  o f  th e  experim ents on th e  . 
rep lacem en t o f  th e  hyd roxy l group, by h a lo g en  in  'the 
p resen ce  o f  p y r id in e * which* b y ' th e  fo rm a tio n  o f  a  
in te rm e d ia te  complex w ith  an' a d d itio n a l-  p o s it iv e , centre.*
' a s s i s t s  iu  th e  s e p a ra t io n  o f  a  c a rlo  niton k a t io n  and 
l i b e r a t e s  th e  e n te r in g  group as an .an io n , c o n f i m - th e  
assum ption  th a t  such "a s e p a ra t io n  i s  n e c e ssa ry  f o r  a 
W alien in v e rs io n  to  occur*
• The experim en ts w ith  th e  & ~ su liliin a te  show t h a t ,  
u n l ik e  th e  d -su ln h o n ate*  i t  h as  a tendency  to  r e a c t  a t  th e
I
Er—0—r-B— lin k ag e*  I f  however th e  d - s u lp h in a te  i s  made 
to  r e a c t  w ith  compounds which w i l l  l i n k  up. w ith  th e . . 
su lp h u r  atom o f th e  n -to lu en e su lp h in o x y  r a d i c l e , - t h e n- •*- v  r
a lk y l  f i s s i o n  o ccu rs  said i t  behaves in  a  s im i la r  fa s h io n  
to  th e  p - to lu e n e su lp h o n ic  e s t e r s ,  and r e a c t io n s  occur, 'w ith
in v e rs io n  ox conxiguratxon*
i
£—0-J-S0-C7H H-j-0— S0-C,.F7 E-f-0—so2- c?h7
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f o r  th e  convenience o f 't h e  re a d e r  in  co rap axing, 
th e  - r e s u l t s  o f  th e  v a r io u s  r e a c t io n s  h e re in  d e s c r ib e d , i t  
i s  assumed th a t  e th y l  d-/£-hydroxy y£~phenylpropionate was 
u sed  th ro u g h o u t. A c tu a lly ,  in  some oases th e  1 -iso m er 
was employed*
10?
Ihxs was prepared by the' m ethod 'o f F ittx g  and Binder 
(Aim, s 1675 9 195} 131} by th e  action  o f ' sa tu ra ted 'h y d ro -*  
bromic acid so lu tion  on eiimamie ac id , at a low 
te m p e ra tu re * . In  order to  ob ta in  a  good y i e l d "th e  
.following p re c a u tio n s  bad to b o .o b se rv ed ' ( 1 ) . th a t  the  
te m p era tu re  be kept as n e a r  0*as p o s s ib le  (2) th a t  the 
hydrobromic acid s o lu t io n 'b e  k e p t sa tu ra ted , and' (3) th e  
m ix tu re ' be kept well shaken*
She above c o n d itio n s  were s a t i s f i e d  by passing- 
hydro gen brom ide gas in to  a  s o lu t io n  o f  hydrobrom ic a c id  
(Sp« Gr* 1 *?| HBr 70$) , coo led  in  a f r e e s in g  m ix tu re , 
u n t i l  no mo r e .  would d is s o lv e * '' lo  t h i s  was th e n  added
200 g* cinnam ic a c id  and th e  m ix tu re  th e n  w e ll shaken
. . . .
m echanically* ' Hydrogen brom ide was ag a in  passed  in ,  with  
f re q u e n t sh a k in g s , f o r  s e v e ra l  d ay s ,
. (The hydrobrom ie ac id  was f i l t e r e d  o f f  th rough  
g la ss  wool and was again used a f te r  re  s a tu r a t io n ' w ith  
hydrogen bromide gas*
The h y d r o b r o m c i n n a m i c  a c id ,  a f t e r  w a s h i n g  w ith  
w a t e r ,  w a s  d r i e d  i n  a vacuum d e s ic c a to r  o v er po tassium  
h y d r o x i d e  a n d  cone* su lp h u r ic  a c id  *• A f t e r  r e c r y s t a l l i s a t i o n  
f r o m  c a r b o n  d i s u l p h i d e  i t  w a s  o b t a i n e d  a s  l o n g  w h i t e  
n e e d le s ,  m .p. 13?°.
As ; t h i s ;was th e  p ro d u ct required, vthe .b u lk .o f  • • 
tlie  hydrobromoiimgraic a c id  was h y d ro ly sed  d i r e c t l y  w ith o u t 
. r e c r y s t a l l i s a t i o n . .  The hydro b r  o s  cinnam ic a c id  was h e a te d  
u n d er reflux  w ith  20 :v o le ,  .o f 'w a te r , u n t i l  a clear. 
s o lu t io n  r e s u lte d *  A few d rops o f  a brown o i l ,  s t y r o l ,  
separated a n d 'th e s e  ’were removed b y 1 d i s t i l l a t i o n  in  steam*
. On cooling white .plates (m.p* 133*) were' deposited, these 
were oinaamic acicl| from the crude hydrohromeiimamic - acid 
(20g*) there .was obtained cinnamic acid, (4g#) V. i i
... The h u lk  o f  th e  w a te r  was removed un d er reduced  
p re s s u re  and th e  rem ain ing  s a in t io n  was e x tra c te d  w ith  
e th e r*  From th e  dry. e th e re a l ;  s o lu t io n  long  w h ite  n e e d le s  
93) o f  y^*-hydroxy ^-"phenylprop ion ic a c id  were 
o b ta in ed *  - . / a .
••• Boeaeken and K alshoven (Rec e u i l  des trav a u x  
Chem* des ' Pays-Bae? '1918 *' 3 ? ,  130) u s in g  cinnam ic a c id
aojmMnnnnwid,' '*W  mm ii* iifc .»w >*atii '  *  MaMKMMU T #
(?5g*) and saturated hydro brom ic ac id  (230g*) o b ta in e d  
^ h y d ro x y .^ -p h e n y lp ro p io n ic  a c id  (43g*); o b se rv in g  th e ' 
p re c a u tio n s  d e sc r ib e d  above, th e r e  was o b ta in e d  from  
cinnamic acid (200 g •) and saturat ed hydro bro mic acid 
(900 g *) /4-hydroxy y^ -phenylpropionic ac id  (125 g *) #
h i  ' • m ..B E so ro iB H. . o i _s-m r \ axx j w to  acid .
McKencie and Barrow) ( lo o .  c i t » ) had p re v io u s ly  
re so lv e d  t h i s  ; ac id  by th e  u se  o f  m orphine, ' i n  aqueous 
so lu tio n *
Ih e  r e s o lu t io n  by means o f b ru c in e  proceeds 
r e a d i ly  in  e th y l  a c e ta te  so lu tio n *  : Both form s o f  tile  
b ru c in e  .s a l t  a re  in s o lu b le  in. a c e to n e ,' b u t a re  .re a d ily ; 
.so lu b le  in  w a te r , e t l iy l  alcolaol and m ettiyl s lcobo l*  
v • v  Powdered b ru c in e  (2 3 8 g .) was added slow ly to  
^-hydroxy phenyl pro p ic n ic  ac id  (lOOg*) in  e th y l a c e ta te
(1*200 O .c*) * C r y s t a l l i s a t i o n  began on c o o l in g ' to  room 
tem p era tu re*  .By re p e a te d  c r y s t a l l i s a t i o n  o f  t h e : l e s s  
s o lu b le  .'portion  from  e th y l ,  a c e ta te  th e  ,pure b ru c in e  . s a l t  
o f  .'the deform  was f i n a l l y  o b ta in e d .
1 . This was d is s o lv e d  in  th e  minimum '-amount o f  
w a te r  and th e  c a lc u la te d  q u a n t i ty  o f  d i lu t e  h y d ro c h lo r ic
a c id  added, th e  s o lu t io n , be in g  th e n  e x tra c te d  w ith  e th e r*
A f te r  d ry in g  and removing th e  e th e r ,  .w hite  c r y s ta l s
(m ,p #”i i5 * )  , o f  d-'^-hydroxy /3 -p h en y lp ro p io n ic  a c id  were
ob ta in ed * ,'.
t h i s  a c id , i n  e th y l, a lc o h o lic  s o lu t io n ,  had
+18 #3 , oL . +8o *4 , +o3 *4,. xor C 33 5 *0 , 1** — 2 .0 *ssn met ~
. In  o rd e r  to  o b ta in  th e  1 -a c id  th e  m other l iq u o r s  
■ were 'c o n c e n t r a t e d w o r l c e d  u p ,p d u f~ l° s 3 s o lu b le  n o r tio n ^  
o r  th e  e ry s t-a ls  b e in g  r e je c te d *  when, in e re  was o b ta in e d
J^yGUhydroxy• /^phenyl propionic ac id  (25g*) * w ith  m*p* 115°/
-  116* and o t „ -19 -0Pj in  e th y l ..a lcoho lic  s o lu t io n  f o r  ,iirs*
C « 5*13 $ 1» 2 -0* ;
I\r THIS PggBlBATlQjf -Off Jp H T j ( /
-PHOPlOmTE*
Method 1 * By th e  u se  o f  .e th y l o- t o lu e n e s n l ]dionate»
The p re p a ra t io n  was a ttem p ted  by th e  method o f  
Kenyon* P h i l l i p s  and T u rley  {j«C»S > *1926 s 399)* u s in g  
e t h y l . j>-*toluenesulpho.nate* ^ -H ydroxy  y£*phenylpropionio 
a c id  (10 g «) was d is s o lv e d  in  e th y l  a lco h o l (99$ * 50 c ; c *) 
and s tro n g  , so dium hydro x ide  so l u t i o n  added u n t i l ,  th e  ■, . 
s o lu t io n  was ju s t  a lk a l in e  to  p h en o lp h th a le in *  - At f i r s t  
a w h ite  c r y s t a l l i n e  mass se p a ra te d  h u t t h i s  ju s t  
r e d is s o lv e d  a t  the.- ,end*
: . / , E th y l j - t o  lu en e  su l phonate (12g*) was th e n  added 
and the whole h ea ted  under r e f lu x  f o r  4.'-*.8 hours* The 
mass was poured in to  water* e x tra c te d  with e th e r ,  and th e  
e th e r e a l  e x t r a c t  washed w ith  d i l u t e  sodium ca rb o n a te  
so lu tion*again  with w ater end d ried *  A f te r  removal o f  
th e . e th e r ,  th e  product 'was d is t i l le d  under reduced 
p re s s u re  when th e re  was obtained . e th y l  ^-hydrossy ^ p h e n y l 
p ro p io n a te  -..(5g* p . h *p* 150°/l5' srni. p re s su re )  *
Method 2 * By th e  eou t  1 nne us e s t  e r i f l  ca t io n  p ro c e s s «’
The e s t e r  was a lso  p rep ared  by th e  co n tin u o u s 
e s te r i f ic a tx o n -  p ro cess  o f  Aston- and Brsnkland*
/^-Hydroxy /3~ phesy lp rop ion ic  ac id  (25g .). and I 
e th y l  a lco h o l (99$ , 100o.c<) were p laced  in  th e  r e a c t io n  
f l a s k  and in  a d ry in g  f l a s k  e th y l? a lc o h o l (99$ , lOOegc*) < 
and f r e s h ly  ig n i te d  po tassium  c a rb o n a te '(? S g .)  ♦ Erom 
th e  m ix tu re  in  th e  f i r s t  f la c k  m oist a lc o h o l d i s t i l l e d  . 
c o n tin u o u s ly  in to  the . second * w hile  from th e  second, d ry  
a lc o h o l was d i s t i l l e d  in to  th e  f i r s t *  T h is  con tinuous 
in te rc h a n g e  was c a r r ie d  on f o r  12 hours* The te m p e ra tu re  
o f  th e  r e a c t io n  f l a s k  was k ep t - a t  -110* ♦ '
o f f  from  th e  r e a c t io n  m ix tu re  which was . th en  poured in to  
w a te r , e x tra c te d ' w ith  e th e r ,  washed and d r ie d * . On 
d i s t i l l a t i o n  u nder reduced p re s su re  th e re  was o b ta in e d
J,» Buss* Chem. Soo*, 1890, 21? 44)* C lean  d ry  magnesium 
tu rn in g s . (6 g .)  were p laced  in  a  f l a s k  and ju s t  covered 
w ith  dry  e th e r*  To t h i s  b rom acetic  e s t e r  (4 2 g .)  was added 
s lo w ly , a  t r a c e  o f  io d in e ,b e in g  p re s e n t to  c a ta ly s e  th e
At the end most o f the  alcohol was d i s t i l l e d
e th y l  ^ h y d r o x y  /2~ phenylprop i0nate  ( t i g . ?  h ,p*  139^10 mm.) *
Method 3 » By a gyjg a a rd  r e a c t io n .
The e s t e r  was a lso  p rep ared  by a  C r ig n a rd .
r e a c t io n ,  in v o lv in g  th e  co n d en sa tio n  o f  bensaldehyde w ith
th e  magnesium compound o f  b ro m acetic  e s te r - .( e # f  ♦ A ndriew sky, 
1908* 40 * 1655 , J* Russ* Chem. S o e . , B a in ,
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r e a c t io n * ' ' A ' Timorous • a c t io n  developed  an d ' a dark, red  
brown o i l  separated* P ure ' r e d i s t i l l e d  te n ra ld ek y d e  (2 ?g*) 
in  an equal volume o f  d ry  e t h e r ' was added., when a w h ite
s o l id  sep ara ted *  ' Xhe "mixture- was. th en  warmed on" th e '
• ■ ■ ' ! /  steam  h a th  f o r  2 hours* ' I t  was th e n  poured in to  an i c e - ' /
c o ld  s a tu ra te d  .s o lu t io n  o f  amaoniUiii c h lo r id e , f h i s
m ix tu re  was th e n  e x tra c te d  w ith  e t h e r 5 th e  e th e r e a l  :
•e x tra c t  be ing  w e ll washed w ith  w a te r , sodium b is u lp h i te
s o lu t io n ,  ' agar^  d o e  w ith  w ate r , and th e n  dried*" :
Aftwc _ imoval o f ' t h e  e th e r ,  th e  r e s id u a l  o i l
w as•d i s t i l l e d 'w h e n  two em ail f r a c t io n s  came o v e r r
f r a c t i o n  1 , b*p* t?/i5m m *, was b ro m ace tic  e s t e r ,  f ra c t io n . I I#
tup*  66^ 88?  15mm*,, was hensaldehyde* ;' llier©  was l e f t  i n
th e  f l a s k  a' b la c k  to r ,'-  which on d i s t i l l a t i o n  a t <0 ,Imsu ■
y ie ld e d  e th y l  /3-hydroxy /-p h e n y lp ro p io n a te  (4g*),b*p* 89-90*#
Method 4 * By the- P ls c lie r -S n e ie r  method *
B th y l ; s lc o h o l (9 9 p , kSO ecs.) and d-^-hydroxy^- . 4
/5-pheuyIpro p io n ic  ac id  (2 5 g ,; e|^h +18 *9° f 0r  0 » 5 *0 , 1~2 *0
in  e thy l, 'a lc o h o lic  so lu t io n )  were heated, u n d er a r e f lu x
f o r  10- 1 1 ;h o u rs , w hile a slow “ s tream  o f  dry hydrogen
c h lo r id e  gas was passed  through- th e  - l ic ru id * ; H i e  excess
e th y l, a lco h o l was removed by 'd i s t i l l a t i o n  : and th e  '
rem ain ing  o i l  poured in to  w a te ry  • f h i s  was th e n  e x t r a c te d .
w ith  e th e r  and th e . e th e r e a l ' s o lu t io n  washed w ith  w a te r ,
d i l u t e  sodium ca rb o n a te  solution,and a g a in .w ith  w a te r
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b e fo re  b e in g  d ried *
■ , , i /
■ A f te r  rm m ing  th e  e th e r#  th e  p roduct was 
d i s t i l l e d ' when th e re  was o b ta in e d  e th y l  J^ + } ^ ^ h y d ro 2 sy  
'■ /3-plieiiylpro la te  i2Zg%) * b .p .  90-91.7 < 0 *lmm*
I t  Ixad j "  1 ^ 5 3 *  s"* '1 .S 1 S S  Eoad ' : 
f 7 '+19*1? " Z 7* + 23,33* Z 7'  + 31*52; 1 = 1 .0 *JtlJ SUI •*'& “*
lim  T» .VT» yog i ? W L .: ^ + ^ ^ Z Q V ! 7 ^ i7 L m m T t
/3-:PHSgn.f50?E)l?M!E, : •
' ■ E th y l '^-hydroxy ^ -p h e n y lp ro p io n c ts  (1 ircl«# % *) 
snd e th y l  j^ - to lu e n s s u l i i i in a te ' (1 m l*  # 5g«) were k ep t a t  
61° i n  a  i l  ^k f o r  $0 hours#  any e th y l  a looho l' which formed 
b e i n g  r e m r e i  h y  g e n t l e ' s u c t i o n * '  ' " '
' On i r r :c r s in g  th e  f l a s k  I n  a  f r e e z in g  o i s tu r e  
th e  Mass s o l id i f i e d *  from  ti l ls *  by f i l t r a t i o n *  w hite  
c r y s t s i s  (m*p* ? $ * )?w hich w ere JX-p^taXyX dimxlphox ld e ,*mn cktmcA« 
f h e  f i l t r a t e  y ie ld e d  a sm all q u a n t i ty  o f  m x m m g Q d  ethyl 
/^ -p lien y lp ro p iaaa te*  ’ '
j ^ o l u e n e s u l p i i n i o  a c id  was "-prepared by th e
• a c t io n  o f  d i l u t e  gfulpim rie s e id -o n  a  s o lu t io n 'o f  sodium 
^ to lu e n e g y a lp h in c te i  th e  r e s u l t i n g  a c id  b e in g  d r ie d  in  -
VbAiaot o v e r  c a l c i c  c h lo rid e *  to ' en su re  com plete
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d ehydration#  ■ c h lo r id e  was' p rep ared
from  t h i s  a c id  by t h e .'method o f  H ll& iteh  C*T*C#S#* 1910»V •t^4»B>»,|WgWtj|l|l WBftfr'UIW *  •
9 7 » S5S5) * ' j^ fo lu a & e su lp M u ie  a c id  (40g*) was added 
slow ly  to  tM o n y l c h lo r id e  (25 g*) * which had been . 
sm oeessixely . d i s t i l l e d  from  n u ia o lin e #  l in s e e d  o i l#  s a l  
beeswax m 4  ww w a te r  w h ite  i n  appearsnoe? d is so lv e d  im 
d ry  e th e r  (fJO e.ci)*
'■• 1 ■ Wham a l l ' t h e  ao M 'h a d  d is s o lv e d  th e  m ir tu re  was 
gently-w arm ed m i l l m  . m y e  g ases  .w ere . ero lved*  fh e  ;. 
e x c e ss  e th e r  end t l i l o r y l  c h lo r id e .were removed at.BO m * 
p re ssu re ; a t  room te m p e ra te e * -  S h e . l iq u id  w as.th o u  
d is s o lv e d  in ‘p e tro leu m  e th e r .  (40^50°) m d  f i l t e r e d  from  ■ 
th e  sm all amowit o f  w h ite  s o l id  which had sep ara ted #  
A f te r  b e in g  s u b je c te d  to  a  vacuum* a t  room t» cis.p viijTa tu re #  
f o r  12 h o u rs  ^ to lu e n e s u l p h i a y l  c h lo r id e  was l e f t  a s  a  
p a le  y e llo w  o i l*  ' 
f i e l d  3 % ,: ...
Method 2 % By ...the u se  .o f ^ to lu e n e s u lp h i m r l  c h lo r id e  end
fu se d ' r o t  as slum carbona te* ' '
. : ' ^ lo lu e m esu lS iis fl chloride (i2g#.) was • added to  
a  solution o f  e th y l /Mtydxoxp jl~phesyl propionate (tO g*) • 
ia  dry ether ( 5 0 c .  c . )  co&taiaing fresh ly  ignited  • 
potassium carbonate (£Gg*)#- fh is  was l e f t  overnight#. 
when th e . eo lu tion had changed to a yellow colour# sad 
then f i l te re d  and the ether removed la  vacuo * .
1 IS •
: On. sterling for a short t i  .* f i l s  ■ crystals 
wore dopoe i t  el# tao^o h I *»*> cat mixed sup* V '^nd ware ■ 
therefofe £j^o - to lp l  di .*.1,ho vV q* f  lie f l l t r a t3 've ''on 
. d ic tilln t Jan' m  !x r  reduced pressure''ethyl^aftrosyw'-' 
^ ~ p h e n y lp ro p lo n k s  (7g#yb#p# &>7<0 ♦ la :# ) *
m S n m *  .
M i l l l iZ t  ; '
B tlg l &»(+}w2~bydrojy yW-jJuz^rlpra pioaats ( JO g*» 1 '
♦iS*9#t i  «* :i*0) was d l x o l  vd in dry '-pyridine .f 2g *».
1*1 wqXq*) aid cooled"in a 'fanning  mixture* So th is  
yen {ided-' slowly ice-cold fg»tolucncaaltehisy 1 chloride 
( ld;>5« She mister© tos.sIXj 1 to stm&^for 12 hours# " 
when i t  had' set to a solid* 
r  ' ' la te r  *> $ I h ta  rd d af a the 'mixture extracted 
with ether*" th% ether©"! cm * w  wvx vyr.Jie-1 with d ilu te  
hydro G loria  acid# water# dilute sodium carlo * solution* 
mM'thm twice with water# before be!a; tried*' After ' " 
remvul of the solvent at room t;mrcouture# by gentle 
©motion# a yellow o il  left*  a
to t  d  dcoomj'ociitiou occurred * n th is  o il  was sub Jested 
to d is tilla tio n  e r a  at pressures of<0*U£u
:: On 1 a 'ly s is  the yellow o i l  ganrt O# #5*©$ H# e*3f 
S# i 0 ^ 4 ,*^ requires 0# oo #1 $ if# a* if  S# 9 #7 # 
CUShtdg* ro;ulred for complete feydroly'sis 0 *12 3;: g* sodicu 
hydroxide! ci$**£q^ 4 S re quires 0 *t '* > ' ©odium hydroxide*
n  m js s m *  .:&-£+) . ^ . t o h j e n e
■1« Wjth,^^?rigg.,Xn e ^ rsfgym .solution, : : -
: ;. A slow stream o f  day e&iori&e' was passed' in to  
:a ?solmti^ii of- the d^(H-}-sul^'laate CtOg*|- o c ^ + i i^ ( l« i# 0 ) )
■ i n  d ry  ch lo ro fo rm  {?$e;e*> f o r  3 hours*  A f te r  s ta n d in g
f o r  some days# w h ite  c r y s t a l s ’appeared* ■ a :
-; ■ '< f lio  so lv en t was re»v®& at ^ o m  'temperaturo v
end - tli© 're s id u e -  ed • in  ic e - c o ld  XI i!it petro leum  ..ether
' ' , ■ ■ .. ..■■’ ■ \ a  ■ L
end. f i l t e r e d *  - l i ie  w h ito  s o l id  l e f t "  h£-4.-is,p# m d  mixed
ra*p# 63* and v/.~s th e r e f o r e - j^ to lu e n e s u l i i io i^ r l  c h lo rid e *  v
--  .flae petroleum , e t h e r  was removed from  th e  . ■
f i l t r a t e  and th e  o i l y  l i q u i d  - le f t  was d i s t i l l e d  1.
y ie ld e d  a p a le  y e llo w  o i l  * which .was e th y l
/J-l^ieuyXprtjpion&t e (3g«) f tup* ?0***72/<Q * lm * # w ith  ,.
/7 #
^ssjy # «X 331 t <0 f ■ end .JX  ^ 14 5*>d4; *
Tsim a C l, :i ? . 6 5 C ^ ^ O g C l  r e q u ir e s  C l ,  i? ,£ ? a  :
2» l i t h - C h lo r 5 a _ . J e r ,  .'. ■ ■ " ; :
itt*
"■ ;£ke ^-(+)-»sulpain ate | ■ (I0g4* oC ,^ +14 *8 9
was s tu u e u  w ith '' a s o l u t i o n 'o f . c h lo r in e : :{11 *2g* * 1*0 mole#) 
• t r  r t e r  (500 c i c . )  # - f t i e  ’solution was 'p re p a re d  h y ; . /
i t s  . c o n c e n t r a t i o n  h a d  b e e n  d e t e r m i n e d  *  T h e  c h l o r i n e  w a s  
s o o n  a b s o r b e d  a n d  ^ t o l u e n e s ^ X x l i o n ^ X  c h l o r i d e  ' 
c r y s t a l l i s e d  f r o m  t h e ; m i x t u r e #  . S i t e  m i x t u r e  w a s  f i l t e r e d ?  /  
th e  ■ residue* w a s hed. i n  iee-*ool& lig h t petroleum e th e r  a n d  1/ 
f i l t e r e d  f  f h a  • f i l t r a t e '  w a a  d r i e d  r  th e  • s o l r m t  r e m o i r e d  
a n d  t h e  r e  s i  t o o l  o i l -  d i s t i l l e d *  Sfcere :was o b t a i n e d  • 
^ ( - J - y ^ a h l o r o  / ^ - ^ i e n y l p r o p i o n a t 0  C 4 g . * ) t  b # p #  7 t ~ $ 2 ° / < > Q  * l : m *
I t  h a d oc^4 * - * 4 # 3 * i .  ** i * 0 t  a n d  rip 1 * 3 3 4 4 *  .
... _ W h e n  t h e  r e s i d u e  i n - . t h e  fla sk  w a s  h e a t e d *  i n  ; 
o r d e r  t o  a i t ' ^  i t s  d i s t i l X a t i o n ? d e e o n s o a i t i o n ^ o c c u r r e d *
3 *  W i t h  f e y o o c h l o r o u s  s o l d * - .
■ a*
S i t e  J - ( + ) « . s i i l J i i r i a t e  C i O i j * }  o C ^ + 1 4 . , 3 ?  I  #  1 * 0 *  
w a s  s h a k e n  w i t h  a  s o l u t i o n  o f  B y p o d i l o i t m s  a c i d  |
t * 2  m l ® * )  i n  8 5  c & * .  o f  w a t e r *  I M a  s o l u t i o n  was . i /
p r e p a r e d  b y '  t l i s  m e t h o d  d e s c r i b e d  . i n  1 O r g a n i c  S y n t h e s e s 1 ?
¥ o l *  ¥ * .  p *  3 1 1 a n d  i t s  s t r e n g t h '  d e t e r m i n e d  .Im m ediately  . 
b e fo re , use*  Aft o r  t i e s  i r L . a t u x o  X x s c l  b e e n  s h a k e n  . f o r  1 2  .- 
h o u r s  i  i t  w a s ' ,  c o o l e d  i n '  i c e * : . I t  w a s  t h e n '  f i l t e r e d  e n d  
t h e  r e s i d u e w a s h e d  i a  i c e - c o l d  l i g h t  p e t r o l e u m  e t h e r #
A ;  w h i t e ;  c r y s t a l l i n e  r e s i d u e  w a s  l e f t  w h i c h  h a d  m * p *  m d  
m i x e d  m * p *  6 8 *  e n d  w a s  t h e r e f o r e  u - t o l u e n e s t f l j i i o n y l . 
c h l o r i d e #  - .  ,
■.; .- -a-. ■-.' Ike ..ethereal f i l t r a t e  was then washed with d ilu te
sodium carbonate. solution-, and water# d ried . and# after-;.-
vcnr^l o f --the solvent#•d is ti lle d # . I t  yielded the ■• 
following ■fr&etiras$ frac tio n  1# on ire lis tl ll& tlo s  t e l  
tup* ■ ■■'It.liad So '; 1*8345 te l was therefore
-eth^X i~ ~) ^ o h le s o  fl^:urjl:To :irA\tn '(O*0g*) Tilth 
*L* *%UTv% 2 **■ 1*0* teteten II, oa *cte Jlletiea, ■ 
gaim Dtl3ji /J**iteaylpropiaaata f 3*Sg*) *
h#r* 2J*^l/<Q %lm*... .It liteoc'7 .-.-*11*531 -I'-""
# Sim
u  id %
She r t e t e  l e f t  i s - t t e ' f l c a t  eot-.to a  so lid  m  : 
e o o l tu g ^ .f r o a  t e l t e t e j m r t  p r o t e e t ’t e i x l l  m% he o b ta in e d
£ te  ' ’t i t e  t e  i  * * ™ n<' **? t e ' '*1
*.
Ion a t 0 * - - ■'■..■■’ v-v ■ '
Ethyl fll«^^hIaro yHphen^propioavte (Sg*) was 
a l t  tie! t e  a f l : t e  in rs ite d  in  a freeaing s is tu re f  to  
tills piperidine C '^I*)te&s ‘a i l e d  .slowly., with tte:if,g* 
whc % the nl; t e e 's e t  to t, rarw> of . white: e .^ te lO r After 
E hours r lr tu re  was* ertvaotc€ with ether* there was 
X afttetelt©  tees .of t e t e t e a  ted rte te rtd e#
■. the ether v t3  then roraved c s t  <u *. residue 
treated with dilute i^drochloric-^cid# t e e s  a siaail ;. 
eucrititjr of o il Loi;?xi I* *« ■ fliiw ;;m i s t e s j o i ' ehloro**- 
e s t e r #  * :  f r o m  -  v ^ v j ^ v ^  X  w e n  o b t a i n e d  l y - .  a M l t l o r n  > 
of dilute ■'eodiuB- eer'bonste. solution.: aid tel-ce m rf  , t  
extraction:with, ether* drying- end rmm'f&t of. the ether a
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sm all q u a n t i ty  (2«3g«)' o f  w h ite  c r y s t a l s f which had 
a#p* 103V - 2 1 ase  were th e  p ip e ri& y l d e r iv a t iv e  o f  e th y l  
dl-yS^cliloxo yS-pheiiy lpropionate# •
Found H § # 1 9 r  r e q u ir e s  1*5*2 6 $ *
#50 4
I
■ ' \ SthyX 1 ^ A o n v ln r o p io n & t e (5g*} was
warmed w i th ' phenyl isodydaate .:(3g« ) th e  tem p era tu re  b e in g  
' k e p t lo w l  A f te r  i  hour, lo n g  aeed le-slxaped  • c r y s ta l s  began /te f-  
to  : s e p a r a te * ' cm s ta n d in g  o v e rn ig h t th e  mixSnre s o l id i f i e d #
• SM s' waa f i l t e r e d  when th e  r e s id u e  was found • to  
have m*p# and mixed m*p* I t  was' th e r e fo r e  •
' d i p h e n y l u r e ^ *  ' :
' She o i l y  f i l t r a t e * :  b#p* rx f/  <0 *tagu* was ' 
u n c i  a  *o: e th y l  J ^ ^ ^ h y d ro x y  ^ p laeray lp ro  p io ria ts*  -
I A 2 L 2 m t e l L ^ ^  ■ ' •
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• So th e  2 * * (+ )^ u lp h in a te  ClOg*} * «mt >14*8* 1*1 #0 * 
d is s o lv e d  i n  d ry  ch lo ro fo rm  (50c . c . )  * cooled  i n  a f r e e z in g  I7 
m ix tu re * a  .so lu tio n , o f  brom ine (5 g #) in  d ry  ch lo ro fo rm  
(?5c..c«) was e ld ed  slow ly* She m ix tu re  was a llow ed to  
s tand*  w ith ;f re q u e n t  t e s t i n g  f o r  & te a r s *  when most .of th e  
brom ine had been absorbed* f h e  so lv e n t was removed by '
- s u c t io n , at- room te m p e ra tu re * th e  .re s id u e  \ - h te  ;i n ■ £ee*» 
cold, l i g h t . pe tro leum  o th e r  .and ■ f i l t e r e d  * .. ; q . v
'.fhe . w h ite  c ry s ta l l in e  r e  e idue  bad . x*up# end , v - 
mixed m* p.* g f0 m iw e e  1 i  
teromi.de* .m q ' . a - , ; - / -
•A fte r rem oval o f  th e  /so lv e n t.- th e  F i l t r a t e  was 
d i s t i l l e d *  wtxsa i t  g-avet■■;
f r a c t io n  t r y ie ld  4*0g* * w hich was e th y l  ■
/^*plienylpxopionate-|- to p *  ,-83~84^ <0 *ismu, r n l  la d  . . ■•
0 ^ ,  v ~3.?2V 1 = 1.9 , cM n'J 1 ,5424 ,
, Founds Br* 30*8! : O ^H ^O gB r1 r e q u i r e s  Br* 3 i* i$ *  ;
f r a c t i o n  I I ,  y ie ld  O teg*? >*p*; id Q te d l /  <0. e ls e  ■
co n ta in ed .bromine but was to o  r t o !  to  b e .-In v e s tig a te d *
There remined to tto toate: ,a. estel/tomtity. 
O f  ■■ate lack. t a r * ,  a • ;
l u  SlSll te Q F fe l  OCtdr*
•v f t o  d t e ) ^ ^ t o t o a t e  (iOg*)-,; !
Bp’ 1 #588?' was t re a te d  'w ith a : so lu tio n  efteiomtoe- {ig*) 
t o  w a te r  (BOO c .c  *) ■ a n d : sh a fe ^  .v ig o ro u s ly  u n t i l  n e a r ly  - 
a ll., th e  .brom ine had b o m  absorbed* to e  m ix tu re  was th e n  
f i l t e r e d . a n d  .the re s id u e  washed to  ic e - c o ld  p e tro leu m  : 
e th e r  ( 4D^tef) * ; p.
: — >• . The white c r y s ta l l in e  residue  had m*p*- end :
mixed -m*p* 98°-end bromide•
- . f h e  d r ie d  e th e r e a l  f i l t r a t e  w as, a f t e r  rem oval
o f  t h e ; s o l v e n t ,  d i s t i l l e d ' . w h e n  i t  y i e l d e d *
trmit&n  1# y ie ld  5 j# r b#p# ^ «** presmiro and
nqj^  i  *S42G * -. I t  wag ib e rtia r#  etiif% [ /
p O
tto te lP r teionato  with °*5f,a tot* $  U0J wA 
f r  c#loa i l f  'y io ld  0#4g*f w 7lsh  _ I b#p* 00^01? <0#Hru
if®
m d j j j  :. i t o U t o  ■ I t  was e to y l  j^ t* 4 ^ £ ^ a :i? o x y
o
p r s i d s r ^ s ,  o( m  “ 2 .S ,  i  «  1 »S * .
Xoiino tomotoXorid# was -tototod by toe  method
o f Qrteoa ( « £ . ,  lWOt 2 1 * ..It >>_Si I S l l s  £2£t»
1952* j> |} 020) * vfliltfa glrye® sa aspi’oalffiiteljr 0 *33 solution*
too cue. o f th is  sa lu tion ware totoma with the
.- 0
a -w  ^ smXtoimato (tOg *) • ^  S U 4 f  +14 »% j i 2 ** ■ i *3 ? xn>i
m ix tu re  k e p t a t  0* f o r  .Id tanua*  I t o  Lto s o l id  to ie h  
sep ax t was retxnred- t o  w to to  to to  lee«-cold l i j t o  
p o tro le tm  e th e r#  I t  had m o# a d § te lo a o  end wtion to re d  
w ith  j to o la e x to a lr to n y X  io d id e # ... t o
. to o  f i l t r a t e  from  th e  w h ite  c r y s t a l s  was 
e x tra c te d  w ith  to o  XI fto ~ ^ o leu m  w ith  w to to  .to e  c r y s t a l s  
had  boon waotoJ# too  s  to  was washed w ith  d i l u t e  . 
s to i t ia  Ssy&rosi&e ■ s o lu t io n  o to  water#, d r ie d  s to  d i s t i l l e d *  
A f te r  :u  w a i  o f  th e  so lv e n t • th e r e  was o b t t e e d  e th y l  ■ 
2 ^ * O * ^ c h l 0 r o / K  to - v l .  ro„ io n  .to  (g *£»#)* b*p* 
w ith  n ” i t o t o  a to  o c ^  • <*1#33? * , :
A
. A,
T# W ith cvenogea ch lo rid e #
Dry cyanogen. c h lo rid e #  p rep a red  b y  p a ss in g  "• 
o h lo r ia a  Into- a  10$ s o lu t io n  o f  by else e j s a io  ‘a c id  and 
d r ie d  by jp* a^W iw* Ctoqpj e ita o u g k  ca lc ium  olaloride* was bubbled  
th ro u g h  m  ic e - c o ld  s o lu t io n  o f  th e  &~{-H)~tolphtnat o ' ’ 
(lQ g#) t &Jut +14*13% 1 «*0 i  *0 $ in  l i g h t '  pe tro leum  e th e r  
'(fS e-.c .) #'A-fl3.e s f c to r e  was w e ll, shaken crnd a llo w e d 'to  
etrssad- o v e m i to # ' b * fa re ' b e in g  f i l t e r e d *  ■
The r e s id u a  (2g«) had. m#p# sud mixed s u p * '68*’' 
en d ' was th e r e fo r e  g ^ to lu en e 'iru lp lo n y l c h lo rid e*  5 -'a
■ * ■ -  * A f te r  rem oval o f 't h e 's o lv e n t*  th e  f i l t r a t e  was
d i s t i l l e d  when i t  y ie ld e d  e th y l  i^(-)gd-*oyano yS^pfosnyl-- 
p ro p io n a te#  tup* ' < 0 1 * 5 2 4 3 ,  d17, 1*1311
<£ - l i5 llf l( l, / -a.'.11®, < * '4 - 3 ,6Cf* 1 = 129. ( 2 . 5 g . ) .S&W SW #25? * — ■ • .. . .. .
Found I II# 6 * 4 1 0 ,,J to C M t r e q u ir e s  If* 0*39$# ’*
A nother ‘f r a c t io n #  top*  * to t~ i Oto' < 0 •lmsu $ 
co a t  si h.il VttiL 'VUJw t o t  was to o  sm a ll to  t o  in v e s tig a te d #
©* W ith n i t r o u s  ra id #
. 1*#- #S# *5S* —* #•**»*-'««
I «* p.7 11 rih 1 Ti © •£ es ( £l.$► A . oC.if#*/
 ^ .. 1 70H5 » • Cfl ft ssnlTrfc^mv 'r\*? «sf
C&g*#3 n o ls* ) i n  w a te r  (?S c-.c .)$  a id  th e  whole immersed 
i n  a  f r e e z in g  m ix ture*  \ fo  t h i s  was added slow ly* w ith  
co n tin u o u s s t i r r i n g ,  h y d ro c h lo r ic  a c id  (5 0 c c * o f ■s tro n g  
a c id  i n  2 5 oc# - w a te r )* ’ A f te r  s ta n d in g  f o r  4. h o u rs  th e  
m ix tu re  was e x tra c te d  w ith  e th e r*
j
i s  .the  / ^ s u lq h ii ia te  (©g♦) * +■1.4 *3# X**l «0
end j u t e  *8286 # 'was added a  s o lu t io n  o f  sodium' n i t r i t e
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' v t o ^ n l  c a t e  to x s a  b / u  witL *. xor*  ■ 
d i l u t e  i.od ten  ca rb o n a te  s o lu t io n ,  "a su ln  -w ith w a te r , d r ie d  
smil d l t e l l l t e  to A f te r  r a e w t e 'o f  th e  e o l r m t  a ’f r a c t i o n ,  
top*  8 toto/' < C was o b ta in ed *
On r e d x x t i l l s t i o n  t h i s  f r a c t i o n  gave e th y l  ■ - 
/?-* h n r/lo ro ;e io n ::tu  to > )  ? top#  XV?lV<0 
vixtii js 0 X #o a / , -.,e*u. 0^ ,^  **3 *■'•.■1, 2  ;s 1/■ #9 *
■:&* ' ■ ■
■■'"■/to ' TUq a c e t i c  a c id  was « v e /ared "b y  to te  r v to 't o e t e ,
" c r y s t a l l i s a t i o n  o f  g l a c i a l  s e t e i c  acid*
- -  ■ ■ . ■ ■ •  . ■ .
.■ Alsliy&rous .so© tic a c id  (4 /* )  cad ; a : :£c a to y d r ia a  
- (2c.cs} :were rtodad to tee te(+)^steqtoiiaete to ' > )r
/7®
oC^ / +14 i8^  1; - I *0 § ’ and the texture tested under -reflux 
f o r d ,  h o u rs* ' f  l i e 'r e  a c t io n  m ix tu re-w as p )x rto  in to  w a te r  
’ told- extracto.l t e t b  e t t e r t o  f t e  ettesx 1 eoXxtooa  ^ -■■.„■ 
washed tetto-dilate sote % oarbonate'tolatiosi, cM -wxtor :; 
b e fo re  te in g  *,to:i J l  . - /  :
After removal.of tixa solvent, ■ tea ro te /te l o i l  
toxxs distilled’ toiex tiicrc was obtained ethyl 
a c e t o s y  ^ t e e t e ' i ' t e P i o n a t o  ( 5  t e > )  r  t o p #  t o s t e O t e ^ O  • i s m # #
"<* /7#Sltll n"’ 1.51S3, .Sii! O ^ + i . a  1  = i £ .  ;
~ > ■
•aay x  iH"W-yS-hy £ :o r y  l^ te e n y lp r o r lo a a te  (tO g*) **fe*4 |  jV^tor*
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+ 23*391 1 -,.1*0 was added- to  a c e t i c ,.anhydride -,( 8 g •) 
and th e  m ix tu re  heated , u n d er r e f lu x  on th e  e te a a  "bath-.for. 
4 hours*  The M a tu r e  was, th e n  poured . in to : w a te r  and . % 
e x t r a c te d  .w ith ' ,e th e r * ‘ /
The e th e r e a l  la y e r  /was washed w ith  .water* d i l u t e  
sodium ca rb o n a te  s o lu t io n ,  a g a in 'w ith  w ate r and th e n  d r ie d  
A f te r  -rem oval o f  t-the s o lv e n t th e  r e s id u a l  .oil..,, was 
d i s t i l l e d •*: I t  y ie ld e d / e th y l. ■ d~{+) w ^ ao e to x y  y3*.phenyi<~ : 
p ro p io n a te  (9g*) * b*p# 102~10.3/' <0 *1 mm* * '.w ith  n*7 1*5168*
and d / 1*088f V! : ■ . >:-V.
17*5* 4 iTf* r ft-S9' o ' <
I t  had + 8 , 1 9 8 * ^ ,  +6,5g*«<w^  + 1 0 .9 5 , 1 = =1 .0 , ’ >f
I’owlds, C, 66 .5 : fH, 6 ,38? O alc , C, 6 6 .4 ; H, 6 ,3 9 $ ,
0 *4995g* re q u ire d ; 0 *1536 g* o f  sodium hydrox ide  - f o r  d 1 <• 
co m p le te : h y d ro ly s is ;  C alc * -0 *1566 g *, sodium hydrox ide *
10* W ith anhydrous .formic '.a c id * ' 1
./Anhydrous fo rm ic  a c id ; was 'p rep a red  by Maqueune* s 
m ethod . (B u ll * So a , Claim*, 1888 ( 2 i ,  50 , 662 § P ickard#aju^ jiiiT'tO.o tm  Ml Iw»uMia* “ > f  *  wrnmmmtm f  €  m
Kenyon and H u n te r , ■ d*C*S** 1 9 2 5 ,1 2 3 ,  9) * ;
Com m ercial■•■(90$) fo rm ic  a c id  was .mixed w ith  s u f f i c i e n t  - 
s u lp h u r ic  a c id  (93$) to  form  th e  mo no h y d ra te  (IhSO^ .H^O) 
w ith  a l l  th e  w a te r p re sen t*  The m ix tu re <was th e n  
d i s t i l l e d  u nder reduced  p re s s u re ,  th e  fo rm ic  /ac id  b e in g  
c o l le c te d  in  a  r e c e iv e r  cooled  in ''ic e *  The te m p e ra tu re  
was k e p t .below ,70*, in . o rd e r  .to red u ce  th e  d eh y d ra tio n  o f  
th e  form ic a c id / to  a  minimum* /■
|r
Ihe a-(+)-sulphinate,; l lQ g .)  , o(y(rt/ +14.8, 1=1.0, 
was added to anhydrous :fo rm ic a c id  ( 4 g i ) ."and th e : mixture 
heated under- a r e f lu x  on a steam  bath fo r 5 hours* I t  
was th e n  poured in to  w a te r  and e x tra c te d  w ith  ether*
The e th e r e a l  e x t r a c t  was-' washed w ith  w a te r , ’ 
d i l u t e  sodium carbonate so lu tio n #  a n d ' again with water, 
d r ie d  end d i s t i l l e d .  A fter removal' o f the so lv e n t there 
was obtained etfcjrl d -(+ )-^-f9n®xjr'/i-phenylpropIonate 
(6 g ,) , b .p , S5/<0.imm,, 'with nf* . 1 .5334 and < ‘5  +8.14*
1 = 1 . ° ,  '
4 s(h ^g a T O ^ /^T ^e a^p y < ?P lo n a te . •
Ethyl d-(+)-/3-laydirory/3-pheiiylpropioiiate (10g.)
o4. . +19 *17* 1 » 1*0 # was added to anhydrous form ic acid
(5g*), prepared by Maquenne* s  m e t h o d e n d  the m ix tu re  
h e a te d  under a r e f lu x  on the steam b a th  f o r  € hours*
The r e a c t io n  m ix tu re  was poured into w ater 
extracted and d r ie d  in  the usual way* The r e s id u a l  o i l  
on d is t i l la t io n  y ie ld e d  e th y l  jU (+)-jUformoxy y^-phenyl*- 
propionate, (8g.*) > btp* 9£c~9?7 < 0 *lmm* f w ith  tl^° 1*5333 
and d 1*, 1*1293*
I t  i ia d o ( 'l  + 9*64*, o ^ ( +11.35* rff* +21.13V l = 1*0.
Pounds • 0 1 6 4 *91 H# .6*33 • Calc* C, 64*89 | H# 6*36$*'
11* W ith, ethyl a3.ooh.pl*.;
The .d-'(+)sulphinate (lOg*), ^ +14*8* 1 ® 1*0
a n d -e th y l a lc o h o l /(99y?r , ?5ove%) were h e a te d  tinder a ; 
re flu x - on a  steam  h exh f o r - 48 hours,-.- in. - an atmosphere, o f  
n itro g e n #  T h e ,ex cess  a lcoho l, was. th e n  removed, by/'- 
d i s t i l l a t i o n ,  the ; r e s id u a l  o i l  b e in g  d is s o lv e d  in ' e th e r  
and washed w ith  d i l u t e  ' so d iu n , ca rb o n a te  s o lu t io n  and " 
■then w ith  water*' ., . . .
I  . . . I r o n  th e  d r ie d  e th e r e a l  s o lu t io n  th e re .w a s /  
o b ta in e d  by d i s t i l l a t i o n * ”'.a f te r  rem oval, o f  th e  .s o lv e n t , 
e th y l  !« .(> )-y^-ethoxy /J^pheny lpxop ionate ' (5g*)'s b ,p f 
8 # < 0 . im n u ,  w itk  —14,9V  1 V  1.0,as.<i n ' t  1 ,4 9 8 4 .| . •»* / *-* p
s .* When t h i s  experim ent was r e p e a te d / in .  th e  ' 
p re sen ce  o f  f r e s h ly  = ig n i t e d  pot a ss  iud. ca rb o n a te  no t r a c e  
o r  f  .ars o i^xxci. v * / o  b ts lh e i*  /'in s te a d  the/' mein, p roduct o f : 
th e  r e a c t io n  was e th y l  d*-\+).-/i-hydroxy /^«pheny lp rop ionate  
w i th 'i s o 'lo s s  o f  r o ta to r y  power#v
n.-R A ttarl. elcQhoiia,BQltitlQii *
She ^ (+ ) -s u ls m .iB a te  (lo g * ) s oCf1 + 1 4 . 1 = 1 . 0 ,
i n  e th y l a lc o h o l ( 7 5 e . . c * )  , c o n ta in in g  l i th iu m  c h lo r id e  
(?g«) and f r e s h ly  ig n i t e d  po tassium  ca rb o n a te  (I2g*) 
was h ea te d  under a  r e f lu x  f o r  48' h o u r 's ,' i n  an atiim sphere 
o f  n itro g en *  f  h e , excess alcohol-- was . removed by 1
d i s t i l l a t i o n ,  th e  r e a c t io n  m ix tu re  poured /In to . w a te r  
,an d , e x tra c te d  w ith  e t h e r * /
from  th e  d r ie d  e th e r e a l  s o lu t io n ,  a f t e r  ■ 
rem oval of th e  s o lv e n t ,  e th y l  d~(+JS»ethoxy /$«phemyl~ 
p ro p io n a te  (2 #5g*) vms o b ta in e d , b«p* 84^-857 <0 ,
\ /V
V II  SEE PEKPAEAIIOH Q? E5HH< 6-/i--n-IOT,UESSSDI.PH03fOg«cua+t-'ja>wj^ gu*—*>»1.* ■!■»* W.mi.^ ..«'^ araafrrvainmin## i»mw **am *n m. jiMwim M,
■ ■.  ■ " ■ - 4 ‘' - '  ■ '  '
A * P ro s  e th y l  'd~(+ 1 -4~hydroxy •' ^ rh en y lt> ro  p ionaie*
Method 1* By the a c tio n  of ‘n^toluenesulphonyl chloride1^»Wi8hmw»il mm —Man*# mwr-mw #w*« m iwitw **».•«*>* imWj j!^ .wi*nniWilgJwi» • Win*!* uutf.ww#* »m jwI     |^|I|1TUML1»I-WIW»W Mi»*iirt»wW»M«Bfca*w«Wa>|
in  th e  p resen ce  o f  p y rid in e#
f i n e l y  'powdered j ^ t o  In  ene su lphony l c h lo r id e  (6g#) 
was added slow ly  w ith  con s t  a n t . shak ing  to  a  s o lu t io n  o f  
e th y l  d l- 7^ -hydroxy :^ ~ p h e n y ip ro p io n a t© (iGg*) in  'p y r id in e  
(3g*) * coo led  i n  a  f r e e z in g  m ixture* -The r e a c t io n  - 
m ix tu re  ' s e t  • to  a - s o l i d ,  which was a llow ed -to 's tan d ' over** 
n ig h t*  -h a te r  was th e n  add e§ end th e . o ily , l a y e r  e x tra c te d  
w ith  e th er*  .The e th e r e a l  - e x t r a c t  - was washed s u c c e s s iv e ly  
w ith -w a te r , >; d i l u t e  hydro c h lo r ic  a c i d , ' d i l u t e  sodium .'
■ c a rb o n a te ',s o lu t io n - .end- a g a in  w ith  w a te r , b e fo re /b e in g  ...
' dried*'"'" ■ ■ -
.• *• The so lv e n t was removed an d -th e  r e s id u a l  o i l  
vw a s ;d is tille d -v v iie n  i t  was found t h a t ,  even .a t p re s s u re s  
- o f  <0' *imm», com plete decomposition occurred* - 
Method .2 * By th e  action , o f  - ^ to in e n e s n lp h o h y i  c h lo r id e  
i r  th e  n^esence  • pf tass^ urn carbonate#
B th y l • dl* |3-!iydroxy' ^ p h e n y lp ro p io n a te  (10g ♦} 
was 'h ea ted  under r e f lu x  f o r  6 h o u rs  in  d ry  e th e r e a l  
s o lu t io n  w ith  j^ to lu e n e s u lp h o n y l c h lo r id e  (6g*) and
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f r e s h ly ,‘ig n i te d  po t a ss  ixua caxbonsfe (1% *)*  . The 
e th e r e a l  la y e r  was resoY ed by f i l t r a t i o n  a n d ' a f t e r  
rem oval o f  th e  s o lv e n t c r y s t a l s  o f  jM io lu e n e s i i l i^ n y l  
..ch lo rid e *  ru p , .end;mixed rap* 68*/ sep ara ted *  : '
A f te r  rem oval o f  t h e s e 1' c r y s ta l s  e th y l  C l-^ -  
. hydroxy y3~phcnylpropionate -'was o b ta in e d  -unchanged* !
BV ffrom th e  . , ^ ( r f i ^ j l | gil a a t e i 
I ■'Method .1. * 'By - -o x id a tio a  :;with^.T>otaas3rmi - perm anganate * ■ ■: a
1. The .d l- s u lp l i in a te  (iOg*) • in  acetone s(100etc*} 
was, t r e a te d  a l i t t l e : s t  a  tim e w ith : f i n e l y , powdered5 Va- 
potBSsinm perm angshatei to  which, had been ad d ed :f in e ly  
powdered- magh e s ium , s a l  p k a t e ■ {ig*., equiv&l e n t) * \ t a t  t in  th e  - • 
p in k  co lo u r; p e r s is te d ; ’.fo r IS m inu tes ? : th e  r e a c t  io n : f l a s h  ! 
b e in g  k e p t ,c o o l  ih h ra g h d r t ' th e  a d d i t io n *" - . ; a  ■. V
a ..' h e T h e : s o lu t io n  w as:d i lu te d  w i th !10e w a te r  and 
su lp h u r  :d io x id e ;p arsed  in  u n t i l ■ the . mcnganase mad J u s t  - 
r e d is s o lre d *  The s o lu t io n  w&£.*tixen e x tra c te d  w ith  e th e r ,  
end th e  e t h e r e a l " e x tra c t;  washed w ith  d i l u t e  sodium '■>' :
. c a rb o n a te  s o lu t io n  and dried* ' a /h  e h
a , • The y e llo w  o i l ?  which was l e f t d e c o m p o s e d  a t
807<0*lm m i p ressu re*  - f  h p  !, h ; h l  ' h
: : , p' f  ; T h is  . .o i l ,  b e fo re  d i s t i l l a t i o n , :  gave on a n a ly s is  
C? 67*01 H*' 8 *91 c a lc u la te d  fo r  th fIi,,AOr S? 0 ? 1 62 «1| ■ ,lO (ZAJ o
H, 0 .75 ,' j c a lc u la te d  f o r  tm.eh.aisged l iy d ro a y -e s te r ,  0 ,6 8 .1 }  
H , 7 .25C  ;■
I t : had h j  - I *5482 * !
On © ten d in g ,.it d e p o s ite d  a  sm all .q u a n tity  Of w h ite
c ry  ©t s i  s  , si* p  *. 8Ch*-82'V.
'Method -2 * By -yatmpstilieric oxi dation*
1 /
/
A/slqW: s tream  o f  a i r ,  ' f r e e  from  w a te r  and
». .■,-■■•■
carbon  d io x id e  s was drawn, f o r . s e t  end . days tlixough a
s o l i i t io n  o f  - th e  a i~ s u ip h in a te  (5g*) in ' d ry  benzene (75c*,Q$) $ 
the volume of benzene b e in g  k ep t 'c o n s ta n t - th roughou t 'th e  
experim ent r ; At th e  end o f  t h i s  tim e th e  benzene :wae 
rernred  by g e n t l e 's u c t io n ,  when s  yellow  o i l  was l e f t*
On. a tte m p tin g  to  d i s t i l ; t h i s  a t  < o com plete. ;
decom position  o c c u rre d #■
fo u n d : 0 *4528.g^of the o i l  re q u ire d  fo r, com plete : "
h y d ro ly s is  0 #068 5g* ; sodium h y d ro x id e> C ^ I^ O ^ S  ''r e q u ire s
0 *Q9S3g* mid 0 H O S r e q u ir e s  0 *108Dg#
18. 20 '4  '
found, a ls o :  0 .5 S3 8g»" Of th e  o i l  r e q u ire d  0 *6ee* o f  v  
p erb eo ao io  a c id  s o lu t io n  (0*3822g# in  100C;*c* d ry  ■ 
ch lo roform ) .."for com plete o x id a t io n .' C a l c u l a t e d  f o r  :- 
unchanged C ;H .4 0 S ■ ■ 9 *?C'.c* -
Ih e s e  f ig u re s  show th a t  w h ile  th e  yellow  o i l  
was no lo n g e r  - the. JX ~ su lp h ih a te  th e r e  could  n o t be 'more 
th a n  a  t r a c e  o f  th e  d l-s u lp h o n a te  p r e s e n t♦'
Benzoyl p e ro x id e  (bgV) was d ie  so lved- i n  a  
m ix tu re  o f  ch lo ro fo rm  and d ry  e th er*  To t h i s  was added
18, 20 - 4
Method 5 #■ By t h e - u se o f  perbeaaol o  ac id *
go ..the pseduet o f  the ecttesi o f  aodim
(l*3g*) c m  e ttif l ©IstooX (ldC'-a«)*'$h* curdy.-precipitate 
was filtered*. washed with o^ar** ,7il dried "to vacuo*- I t  
was.-.th«fldlC3^lTed to  water md 'd ilu te  fe^droehlorlis ©eld 
added® the precip ita ted  w to~;oie said (2g*) w r e ; 
filtered®- vs ahcd aul dried# .,■■ .
.;. fo  a solution of the dl^sul.ilxtoate (0*%*) to  , 
cf Xo refer® CSDc-.c.) w&e tdtod a so lution o f pexbenaotle 
acid Clg# to  I00c:.c . ehXo?ofo»> - u n t i l  oxidation w&o 
cr~ Xete® cs: storm hy stsyeii iodide paper .turatog Vim* , 
found I 0 « to ; \>  of the d l^ u lih in a to  required 0 #20fSg# 
peihsm aoto -acid# CJtowaO >.520lg* waro re q u ire d #  :;
■ . All-tot to ^  to ' to .''iso late  the f lo ra l  tomato frost 
the  oxi ;&to«are rv *Xtcd to .:coir;late, dooon'joaitton
td k to j pireo* . ' ,
X l2 £ ^L £ *
mMMms'.r:-: v ' . - q t o  :; t o s ' :> - : > to w / :  >  -; ;’,: . ■
■.. .. to  e t i f l  ^^*P^to lum oauiriitoo3^  ^  
p r o p i o a a t o - w s j  idled hydrogm . pero toe ©etettoa 
(tOcac*) ca&A-dilute uetoto acid# . I f  te r  stcmcltog?wito ■ 
fro  uoat shaking*, fo r a fcw-a ‘3>e'»c« of a 10$ solution of 
pot. r  t o m  iodide was added#' the Xo&toe Itoerated  betog 
t i t r a te d  with Cl #11' sod torn t  jate solution*
Pound**. t4*to#c. o f 0 #11 eodiuQ toioeulrhat® e lu t io n  
were required to rese t with toe Iodine se t free  to  tlie
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above e^porinoat* ■ ' *
IQ 0 .* c * o f  :1a© * ia  tha presence o f  a ce tic
acid* «s,Vfree todine to  react with 14.#6c .c .  o f  0#lSf 
eo&iusa tl,iio;/cili!i:.ito solution*''
fh e  r e s u lt s   ^ / * ‘under tX o sa 'co n d itio n s
hydrogen does E o t1 rea ct w ith ill© jv to lu « o -*
tn& rhin& te * ; .■■•■■■■••
|t/t:,r'- r  „.Q of  ^TTSlr*
• fo . e th y l • gj^g^p^tof e e  ljftisosy /fc^aayl^ v 
■propionate dicsolvod in clsj other (2§e.c~J w o
a d d e d  b ^ e r c l *  U r©  £>i p  v  I  ill* w 0  ^  {0*iSQfg*} e n d  t h e  ' ’ ■■"
s ix to o  clXowod' to aiend fa r  4 hours*"at the end of th is  
tin© the £lst£xo Ctl not produce a blue colsmr wilti 
ac id ified  aisralx iodide paper#’- -' ’- '
I t  >;rv  th en  t i t r a t e d  by noons o f  pzthomml®  
elution's s 'd e s c r ib e d  ■■above#■■'■'■ " -
Founds- d*3e-.c*of f e tb m m lQ  aeid eaXutlon (ig# ia iQOg.# 
of  chloroform) .vcro required 'to '’produce a ‘blue" colouration# 
Colo# for 0#XwJJj* of T>-*toXuen©sEul 'xactOf- 2§#5e:.c. vi
VBT
S*T|t rsj«wfl|W yj f>TT^ w^ vrrVi^ T>TAW* *»■»■%w‘ s«*4 * .v
(1 ) £ iy ^  „g+ .£.,  ^^ *L llr , J  LrTRv, c ‘JL  'Ul -
■; A .mlxtmr# o f  tlio a^C+J-ealplitasfes- (tog *)*.
• ;o ^ / +M *Sf 1 « 1*0# (mr^A : c r h f  I ra te *  r *)#
p o taee lim . e :rb o ^ e tc  ( r i j « )  i n .e t h y l  t l n h o l  (50 c . c . )  w^s 
CilXowol t o : ©tm&.for 10 Z:mx& m% \!:m Lmt^d isader a , - . 
re flu x  irlem ’h a ts  for. IS , fcoure* $&©-reaction' . 
mixtmrS'.wss poured- in to - 'w a te r  cmd. e x tra c te d  w ith  e th e r*
■ .. A f te r ;  th e  renoireX -ef th e  ml^crrt imm th© d r ie d
#■ /  <0 •/*■-<## was isolated* I t  had
s f  i / 3 S !  £224 o t £  - e 3 # ':S  I  * 1 . 3 .  ■
(2 )
0  f  h a  j U ( + W  i p h i a a t o  { 1 0  ’> )  # + 1 4 .  # 5 *  I p l  * 0  #
h jp s ro l-C tO g * )# / f io  ’ V  ig n i te d  p o i r u s .c m h t m s t s  ( U g * ) #  
l i th iu m  'c h lo r i& o ;{$£*) i a  e t l^ l  a lc o h o l (?5®-.c*) were ■
allowed to  s tm d  f a r  m  h o u rs  mM i&m S ea ted  tm dor a 
re f ta c  oa a ate a  t  i l l  fa r  a farther- period o f 12 hour©#
. flie reaction  ^laTuro a\a into viator m l
extracted with ether ».V.' ;■
. ;.... ■“ . A fter removal o f  \the. .solvent tm n  the d r ie d  
e tlicao  1  e x t r a s  . i t  fielded  uthv i
.propionate (4*3g«)t h*p# n with n *  . 1 ,5
w n9
t m
(3 )  ' f i t l i  a c e t i c  a c id #. .
'-H yperoi ( l0 g « ) paml th e  J ^ C + ^ s iJ lp h to a ie  (lO g#)
n0ocSuf : +14*%% were dissolved;in  eashy&rous ace tic
acid (50e;.c*) ♦ A fter 1 3 -hours at room temperature the 
mixture was - warmed .for 3 hours under a reflux  on the 
steam bath# before being poured into-.water ..and extracted 
with e th e r* . . .. , * u. . . .....
\  , She e th e r e a l  e x t r a c t  was washed s u c c e s s i v e l y
w ith  w ater# d i l u t e  sodium ca rb o n a te  s o lu t io n  and. ag a in  
.w ith  w a te r f b e fo re  b e in g  d ried #  , from  th e  -d ried  e th e r e a l  
■extract #■• a f t e r  rem oval o f ' t h e  s o lv e n t  th e re  was o b ta in e d  ] /  
%  d i s t i l l a t i o n  e th y l  J ^ C ^ -^ & e e to x y  /S ^p h ery lp ro p io n a te
( 6g t )  § b*p* 1 0 3 /4 0  *iiom#
I t  had l * S i 6 a ; m d 'c C ^ f fo*A';
' : ...v- •■ ""■■ This (~}^aeaioxg^ester must have arisen' from / 
th e  a c t io n  o f  th e  a c e t i c  a c id  o n : th e  j^ toIttenesuX phanat®  
and n o t fro m . th e  j^ to lu e a e s u l 'p li iz ia te « e to ee  th e  a c tio n ,, 
o f anhydrous • a c e t i c  a c id  on t h i s  e s t e r  .y ie ld s  th e  ■. 
X+)~&ceift3y<*ester* ';..
( 4 ) ; W i t h  a c e t i c  a & h y & r i d e  m d  l i t h i u m  c h l o r i d e *
l i i th l  u  .chloride (i0g#}# hyperol (6g«) and the 
d-*C-f-)^sulphinate (9g*) to  acetic  anhydride,(50c .. c*). were 
allowed • to stand fo r is.hours ;■.©&&. then heated fo r 4 hours 
under a-reflux#
' Tm  reaction  mixture was -then poured into d ilu te
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s o d i u m  carbonate so lu t io n  a n d  ; e x t r a c t e d ' w i t h ;  e t h e r *  f  h e  • 
e t h e r e a l  e x t r a c t  w a s  w a s h e d  e n d  d r i e d * '  ■ ’; :
A f te r  rem oval o f  .th e  s o lv e n t* th e  r e s id u a l  o i l  ■ 
gave two fr a c t io n s  on d is t i l la t io n #  Sixes© on re d is is iX la tio a  
gavei v : ; ' ■': ' ■• ■
f r a c t i o n  X# b*p* ?2**73? < 0 * lssn #  w hich was e th y l  
chloro ^ p h en y lp ro p io n a te  '{l*5g*^ * w ith  h^7- i  *5343 sn& ; ' > /
%%i p 1 .*# i  *01 and . 
f r a c t io n  XX 9 b*p# 103^3047' <0*isou* willed was e th y l:
i t r *
!«.(<*)^ W o eto x q r ^ x b e u y lp x o p io n a te  (4g*) * w i t h  nv ' 1*5163 . 
and otn* -1  *931 1 * 1 £) ,SkM
T O t;{i x  glia H im a m o i T  o? EDi-ra 
p eo p io n ase  r~0M EfHfL a~f+) w U b td eco t /t^i rr^rt*pROPiomffi*ta«wiMA«jaU-i'LHijrwm4w*hf*t- nrwiT-^ rr-**! ■•**nifffirit,,,‘*i r 'M-#t iVf-ixr- ifl<r ^ j-»iWca»|rT|''~~ft' imw«jlH>fa*iir»ri',i mw t t i r n t i - i T f l - W^ *^*die«sini«wiews»
(1) By th e 'c tio n  ofm itdered  m tassiua  end ethylbroSM e* 
So powdered potassium (E*lg*) '  covered w i t h d r y  
e th e r  was added slowly etlxyl ^(^)-^tohydafosy ^ p h e n y l-  
propionate ( lO g .)  i n  anhydrous e th e r  (40c.cV) # When th e  
i n i t i a l  a c t io n  had ceased  e th y l  brom ide. (6 *lg*) i a  e th e r  
(S5c*.c*J. was' added and. th e  m ix tu re  heated.under a  r e f lu x #  
on a steam bath*  for..S  hour©* ' Dry carbon dioxide was 
p assed  in to  th e  r e a c t io n  m ixture#  th e  l a t t e r  mm th e n  
poured in to  water and .extracted'w ith ether#
Xhe e th e r e a l  s o lu t io n  was washed w ith  w ater#
d ries! and d is t i lX e d f a f t e r  rem oval o f  th e  s o lv e n t^  fher©  
waa o b ta in e d  e th y l  .e im o iaste  ,(5g#) #. b*p# 8 3 ^ < 0 * i t o m *  • 
p re s s u re  end Tup* £?o* a t  e te o sp lie r ie  p re ssu re  t -. w ith  , ■ 
n ” l #5005 . and d 1 * 0 3 1 2 #. I t  was o p t i c a l l y  in a c tiv e *  
PoundI 0# To*11 Xf 6*3* Oslo* Oj 10*0 f H # 6*3/^*
* E th y l; eismam&t© was a ls o  o b ta in e d  i t ©  the . ■ 
experim ent was. r e p e a te d  to  t h e . absence o f  e th y l  bromide#
C2) M J l J K M 2 a j lL o S n j 2 = M a ® S 2 S ^ M iM S ^  ' V '
E th y l d l^ -h y d ro s y ' y lp :ro p ian a te -  (5g*) #
s m h y & x o u a  e t h y l  n ^ t o l u e a o s n l | h o n o t e  ( o g * ) #  f r e s h l y  
ig n i te d  p o t a s s i u m  c a r b o n a t e  ( l O g * )  e n d .  d r y  .o th e r  ( § 0 c * c . )  
w e r e  h e a t e d  t i n d e r  a  r e f l u x  o n  a  s t e a m  h a t h  f o r  3  h o u r s *
Ih e  e th e r e a l  s o lu t io n  was sep ara ted #  washed w ith  
w ater#  d i l u t e  sodium ca rb o n a te  so lu tio n #  a g a in  w ith  w a te r  
and d ried*
A f te r  r c in r i i ig  .'the-., so lv en t#  th e re  was i s o l a te d  
by d i s t i l l a t i o n  e th y l  jx ^ i iy d r o s y /3 - p h e n y lp r o p io n a te . 
(o»5p#) | tup* hd^K)/ ^ 0 *lm *  _ ._•...
■ ■ ... ■, I t  o p  p e e r e d  t h a t  no- r e a c t i o n  h a d  t a k e n  p l a c e *  '
( 3 )  B y .  t h e  a c t i o n  o f  d r y  s i l r e r  o x i d e  a a d  e th y l  io d id e * , 
D r y  s i l v e r  o x i d e  w a s  px-oatred b y  p r e c i p i t a t i o n  
b y  s o d i u m  h y d ro x id e  f r o m  &  s o lu t io n  c o n t a i n i n g '  t h e  ■. ■ -■ 
c a lc u la te d  w eigh t o f  s i l v e r  .m ttr& tei H i e  p r e o i p i t a t ©  w a s  
w a s h e d  w i t h  a l c o l i o l  ' i m c l  e t h e r #  b e f o r e  b e i n g  s u b J e c t e d  t o  
rammm d es icc a tio n # , ■• : : ■
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Btlj$% io d id e  ( ? * 8 > )  was -added slow ly  to  dry s i l v e r  o x id e
(eg * ) '-sad  e th y l  &■*(+)~y& ^dxoxy ^ p h e n y lp ro p io n a ta  (XOg*)#.
: ',70 • p
;. oCf^+ZSt&dt 1  * l* 0 f  t o  d ry  e th e r  .{30o-.c*)* .A fter 
s ta M ir ig  f o r  2 hours* to e  m ix tu re  was S ea ted  un d er am 
r e f lu x  cm a  steam  h a th  f o r  4 to u r s  'before b e in g  poured 
in fo  w a te r end e x tra c te d  w ith  -e th e r m& d ried *
' A f te r  remoTsl o f  to e  s o l r e n t  sad to e  excess o f  
e t h y l ' io d id e  *' e th y l  J H + ) - ^ e th o x y  yJ~ihenyX prop donate (8g#)
* o ' ' jp®
to p *  85*^86/< D .ilm * ? was i s o l a te d  wi t o ' t i ^  ■ 1*4383*
a g  1 .oa? sad' otjf + 2 9  ,?s', 1  = 1 .0 , /, ■;
J'ouod.t C> ;V0 *o7 j H , S *25~* Cale* ~£ot I C, * 70-.5*j
H, 8.Jb/>.
(1 ) «
■ E th y l ^ i l i e n j lp x o p io n a ta  (lO g*)
^slu * ^  *4.% 1 « 1*0 § to  anhydrous e th e r  (85@re.> was
added slow ly  to  phosphorus p e n ta to lo r id e  (l4g#> to  e t h e r  ,r/ 
(25c*c+}* ia a e x se d  to  a fraas lm g  m ixture*  A f te r  th e  
action had ceased* the m ix tu re  was g e n tly  warmed f o r  1-J 
t o u r s *  A f te r  pouring  into- w ater* to o  m ix tu re  was 
e x t r a c te d  w ith  e th e r  and t h e ’e th e r e a l  la y e r  washed w ith  ■ 
w ater*  d i l u t e  sodium e s to o n a tc  s o lu t io n  * again, w ith
mm*
•■ ■ ■ /  1 3 ?  ■
w ater*  .end. d ried *  - -
A f te r  rem oval o f  to e  so lv en t*  e th y l  C - ) ^ ^  
chloro /3~phenylpropionat e (5g*)f b *p * • ?2-?4^ <O *lm* *
|7» 0
waa i s o la te d  tty d i s t i l l a t i o n .  I t  had  f. . - 6 .3 5 ,  1=1*0, 
nj 1,5345 ’and d'l 1 . 3 1 ®  ,  . . .
F o i m i s  . 0 1 ,  1 ? , ? , ;  C a l o V  C X »  1 7 . 3 f > .  ' > '"■
(2) W ith T*os~ho""v'.s 'o o n t'-rh lo rid o  in  th e  nresea.co o f  
th r i f t t a e * :■
E tliy l i^ ih c i^ to f te p io ix a te  (lOg*)
rt*
. &SH(+2%*30°, J. «* 1*0 f. p y r id in e  £g m ole*§ 9x6g«) were .
d is s o lv e d  in  uffiydroua e t t e r  (30 c.c*)  and tlie  m ix tu re  : . .
co o led  ±a a  f r e e z in g  m ir ta re * . To t o i s  was added slow ly 
phosphorus p e n t achlo r i d e  ( i i p * )  in  anhydrous e th e r  (2Sc- .c*)# 
A f t e r  th e  a c t io n  had eee.aeclf th e  m ix tu re  wae g e n tly  
warmed .for r  to u r , m  a steam  bath*
• . the  r e a c t io n  m ix tu re  was th e n  poured in to  w a te r
and e x t r a c te d : w ith  e th e r  j th e  e th e r e a l  s o lu t io n  was 
washed .s u c c e s s iv e ly  w ith  w ater* d i l u t e  h y d ro c h lo r ic  ac id*  
d i l u t e  sodium -carbonate so lu tio n *  ag a in  w ith  w ate r and d r ie d , 
■ f ro m -th e  r e s id u a l  e i l r  a f t e r  rem oval o f  t o e  
s o lv e n t * .was o b ta in e d  etSiyl ^ s i i e a y l -
p ro p io n a te  (8g*) *■ b*p# ¥2*»n°/< 0 *1.513* * w ith  j i£  1 *5344 ■
* 1,.535 1 *5 *.Cfc . .0w> #M
to . a,c tlon of to)atoonis tm itolor id to '
j ,
Ethyl yS^phenylproplanato ClOg*)
mi ' ■ ■. -
.added slowly to m  solution o f ftotoharuo
t r ic 'H to r id e  CISg*} i n  wtoydsrwto e to to  (SOc.c , )  * a
v i r 5 W  s v o t r t l m  o f  h / i^ g c m  c h lo r id e  o ccu rred *  to©
to tour® was gently waited uaf.11 t!i© eToXriiea etorerU
f t i r  r c ' t o l r :  r l w c s r  * j t o c i  r **>1/ '** i:'to rrto  i to o  j to r*
aid  ^ to r a to to  .w ith .o th e r*
•■.;..■ ;■,. t o e  'e th e r e a l  e l u t i o n  was washed w iiti d i l u t e  ,
soften  e to to a to e  o o la t lo a  cad w a te r  before b e in g  dried#
from  th a  d r ie d  so X to ta to  t o i e r  ro ro v a l  o f  to o  so lv en t*
e th y l  ^ - s to p i la ro x to w a to  i *}.* to  * f2?<Q *lma«
v  ^ » 17* i .  ■ ®S 1_ j S |  1*3344# was o b ta in ed #  ■ .,
Ci)
xsrrw^cs o f variator* . ' .
• “* I r w p io n a te  (iOg*)*
o C ^ ,+ 2 3 * 3 j 1 -  i*0f  end p y r id in e  (4 male** 8&*J to  
i toy drous ether (:)e*c*) ware add to slowly .to m. loo*~ 
oo ll to torerto  solution of .ttoaidiotti r tv  to  lo r  l ie  f to> }# 
r   ^ y;ltoura *•'% ; c.M f Im toto -n  ' *• la s  i Vs# untsiX a l l  
woXuiism of totowgen .chloride erioto* I t  was cooled* 
.p o u re d 'to te  w a te r# mid e a t r a s t t o  e i t l i  o th e r#
a to e  r t t o r e  1 a o l to to a  was w ato to  w itli d ilm to  
hylr© c a lo r ie  arid# d i l u t e  o o l iu a  c a rb o n a te  mlnHon* 
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